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Summary
This thesis aims to contribute to the empirical analysis of the impact of the education and health
reforms in rural China. The first chapter presents the impact evaluation of change in school avail-
ability on children’s educational attainment. The latter two chapters present the effect analysis
of health reform. Chapter two analyzes the effect of health insurance expansion on household
total health care expenditure. The third chapter analyzes the effect of choice of doctor type on
children’s height. We provide below individual synopses for each chapter of my thesis.
Chapter 1: Primary School Availability and Middle School Education in Rural China
To improve primary school accessibility, the Chinese government built many primary schools in
rural areas in the late 1980s and early 1990s. At the same time, it also closed many schools due to
the declining number of school age children. These changes provide us a unique opportunity to
examine the impact of primary school accessibility on children’s educational attainment. Using
data extracted from the China Health and Nutrition Survey and a two-way fixed-effects linear
probability model, we find that improved primary school accessibility has a significant positive
effect on girls’ middle school attendance rate and completion rate, but has no significant impact
on boys’ education. Our results suggest that the large-scale campaign of school mergers in the
past 30 years might have an unintended effect on children’s education, particularly for girls.
Chapter 2: New Cooperative Medical Scheme and Health Expenditure in Rural China
v
The New Cooperative Medical Scheme (NCMS) was launched in rural China in 2003, aiming
to safeguard rural households against catastrophic disease. The expansion of the NCMS over
the country has been surrounded by the concern for its sustainability since the very beginning.
Increasing health care utilization after the NCMS has been documented (Lei and Lin, 2009;
Wagstaff et al., 2009). Direct evidence on the relationship between the NCMS and total health
expenditure is needed to evaluate the sustainability of the NCMS. To address this issue, we
use a panel data set combined from the Rural Fixed-point Survey (RFPS) 2003-2006 and a
supplemented NCMS survey conducted in 2007 and a household fixed-effects model with the
endogeneity of household participation considered. We find that joining the NCMS did not
increase household total health expenditure, which could be attributed to conservative policy
design and low operation efficiency.
Chapter 3: Choice of Doctor Type and Children’s Height in Rural China
China is the only country in the world where Western medicine and traditional Chinese medicine
(TCM) work alongside each other at every level of the health care system (Hesketh and Zhu,
1997). However, the effectiveness of TCM is controversial and the contraction of TCM in the
whole health system has been observed. If the application of TCM has undesirable effect, it can
be detected from the health of children who normally take TCM when sick and those who do
not take. Using data extracted from the China Health and Nutrition Survey and a community
fixed-effects model, I examine the effect of choice of doctor type on children’s height. It is
found that whether household consulting Western doctor or Chinese doctor does not affect rural
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Chapter 1
Primary School Availability and
Middle School Education in Rural
China∗
1.1 Introduction
During the past thirty years, many new schools were constructed and even more were closed in
China, particularly in rural areas. The former is primarily motivated by making schools acces-
sible for children living in remote rural areas while the latter is mostly driven by the dwindling
number of school age children. According to the information extracted from various issues of
China Rural Statistical Yearbooks, the number of primary schools in rural China declined from
798 thousand in 1984 to 253 thousand in 2008. However, the decline is far from universal across
provinces. The number of rural primary schools actually increased in some provinces, such as
Guangxi, Henan, Hunan and Jiangsu. For instance, in Guangxi it increased from 13,585 in 1984
to 14,797 in 1994. Given the dramatic changes in the number of schools, it is surprising to note
how little we know about the impact of changes in school accessibility on educational attain-
ment. To the best of our knowledge, Brown and Park (2002) and Liu et al. (2010) are the only
∗This research uses data from the China Health and Nutrition Survey (CHNS). We thank the National Institute
of Nutrition and Food Safety, China Center for Disease Control and Prevention; the Carolina Population Center,
University of North Carolina at Chapel Hill; the National Institutes of Health (NIH; R01-HD30880, DK056350, and
R01-HD38700); and the Fogarty International Center, NIH, for financial support for the CHNS data collection and
analysis files since 1989.
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two previous studies that analyzed the impact of school accessibility on children’s educational
outcomes in rural China. Using a cross-sectional data set from 6 provinces, Brown and Park
(2002) found that distance to school is negatively correlated with the probability of dropping out
of primary school and has no significant effect on test scores. The cross-sectional nature of their
data set prevents them from addressing whether their findings are driven by community or school
fixed-effects. Liu et al. (2010) examined the impact of primary school mergers on academic per-
formance of students in rural China, using a panel data set from two northwest provinces in
China. They found that distance to school does not affect students’ academic performance.
There is a large body of literature, such as Alderman et al. (2001), Huisman and Smitsa
(2009), Handa (2002), Holmes (2003), Schultz (2004), Glick and Sahn (2006), Filmer (2007), on
the impact of school accessibility on educational attainment. Studies that control for community
fixed-effects (e.g. Pitt et al., 1993; Foster and Rosenzweig, 1996; Duflo, 2001) generally find
that school accessibility has a significant positive effect on child schooling. However, findings
from studies that do not control for community fixed-effects are more mixed. For example,
Brown and Park (2002) found that distance to primary school has a negative impact on the
school dropout rate in China even after controlling for several school quality measures. Holmes
(2003) found that distance to the nearest primary school does not affect children’s education in
Pakistan. Handa (2002) found, in rural Mozambique, a 30-min reduction in travel time to the
nearest level 1 primary school raises enrollment probabilities by 20 and 17 percentage points for
boys and girls, respectively. Glick and Sahn (2006) found that distance to public primary school
has a strong negative and significant impact on educational attainment in rural Madagascar.
This paper uses the 1991-2006 China Health and Nutrition Survey (CHNS) to address this
issue. Comparing with existing studies, using the CHNS data provides us several advantages.
First, we can control for the bias arising from the potential correlation between the presence of
a local school and time invariant unobservable community characteristics via estimating fixed-
effects model. Second, the rich information on other community level characteristics, such as
the presence of a health facility, population size, employment rate and income, etc., enables
us to address whether the variation in school availability over time was accompanied by other
changes. Third, we do not need to worry too much about the bias caused by school or residential
choices since parents have very limited options on where to live and to enroll their children.
During our sample period, households rarely migrated from one rural area to another due to the
strict household registration system (Hukou), limited employment opportunities in rural areas,
and the inflexible land policy. As a result, almost all rural households lived in the communities
where their land was located.1 Children mostly enrolled in assigned schools in their own or
1Among all households with 6-12-year old children, the proportion of households who had always lived in their
current community was 97% in 1997, and 99.7% in 2006.
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neighborhood community. The only way to avoid assigned schools is to live with relatives in
other communities, which is rarely the case. According to the CHNS data, only about 4% of
children aged 6-12 lived outside their parents’ household and this probability did not depend on
the availability of a local primary school. Hence, in this paper, attending a primary school within
a community is equivalent to having a local primary school within a community for a primary
school student.
The two outcome variables that we are interested in are middle school attendance and com-
pletion. The reason for focusing on middle school education is the lack of variation in primary
school enrollment. According to China Education and Research Network (2011a), the net en-
rollment ratio of primary school age children was 97.8% in 1990, and 99.3% in 2006. Therefore,
if the presence of a local primary school indeed affects children’s education, the effect will be
reflected in the academic performance at primary school, which in turn, affects students’ inter-
ests in and abilities for further study. Hence, the presence of a local primary school could affect
children’s probability of enrolling in and completing middle school.
Our results show that the presence of a local primary school increases girls’ middle school
attendance rate by 15.9 percentage points and middle school completion rate by 16.9 percentage
points, but has no significant effect on boys’. The estimated impact on girls’ education is much
weaker if we do not control for community fixed-effects, which suggests a negative correlation
between community fixed-effects and primary school availability. This negative correlation is
supported by the observation that communities that never had a primary school were generally
wealthier and better educated than those that gained a primary school during the sample period.
This illustrates the importance of controlling for the non-randomness of school location. The
magnitude of the impact on middle school completion is comparable to a 13-year difference in
parental education. In other words, our estimation results suggest that a girl who has at least one
parent with a high school diploma and lives in a community without a primary school has the
same probability of graduating from middle school as her counterpart who lives in a community
with a primary school and whose parents do not have any formal education. Unfortunately, we
cannot accurately estimate the potential negative impact of school-closing on education as most
of the children in our sample had already graduated from primary school by the time when their
schools were closed. Nevertheless, the large impact of newly opened schools on girls’ education
raises a cautionary note for the large-scale campaign of school mergers in rural areas.
The paper is structured as follows. Section 1.2 provides the basic background information
about China’s education system, Section 1.3 details the data we use for estimation, Section 1.4
explains our identification strategy, Section 1.5 presents the estimation results, some sensitivity
analyses are conducted in Section 1.6, and Section 1.7 concludes.
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1.2 Basic education in rural China
In rural China, basic education is provided almost entirely by local government. It normally
consists of 6 years of primary education and 3 years of secondary education. According to
the statistics published by Chinese Ministry of Education, there were 512,993 rural primary
schools in 1997, but only 1,012 of them were private (China Education and Research Network,
2011b). School age children (at least 6 years old) normally attend primary schools in their
own communities wherever possible, or assigned schools in nearby communities. As school
enrollment is tightly linked with the household registration (Hukou), parents almost do not have
any choices on where to enroll their children. Nearly all children walked or rode bicycles to
school in the late 1990s due to the lack of public transportation system and the near zero car
ownership in rural China. Based on our calculations using the CHNS data, in 1997, 92.2% of
primary school students walked to school, and 98.2% of them either walked or rode to school.
The proportion of students walking or riding to school declined gradually over time. However,
even in 2006, it was still as high as 86.0%. Although the average commuting distance (1.5
kilometers) was not very far even for children who attended schools in nearby communities, the
lack of means of transportation and bad traffic condition2 made commuting between school and
home a nontrivial matter for those school age children.
To make schools more accessible for children living in remote areas, many new schools were
built, either financed by the government or by Project Hope.3 Project Hope alone has brought
more than 13 thousand Hope Primary Schools into poverty-stricken rural areas of China by
either constructing new schools or renovating existing ones (China Youth Development Founda-
tion, 2011). In Guizhou province alone, the project built 1,885 primary schools between 1991
and 2011 (Guizhou Youth Development Foundation, 2011). While these new schools might
have improved school accessibility in some areas, its effect has been mitigated by a large-scale
campaign of school mergers in later years. The latter is mainly driven by the dramatic decline
in the population of school age children. It should be noted that the decision of either opening
or shutting down a primary school is mostly made at the county or prefecture level and has little
correlation with the fluctuations in community characteristics.4
2Road in 69.6% of the 102 communities were not paved in 1991, and the number dropped over time but was still
high in 2006, 38.2%. Controlling for the dummy variable, whether the common road type in a community is paved
or not, in the regressions does not affect our results. The estimated effect of road quality on educational attainment is
never significant.
3Project Hope was launched by the China Youth Development Foundation (CYDF) in 1989 for the development of
fundamental education in the economic backward regions of China and the healthy growth of younger generation. By
2009, 5.67 billion yuan (approximately 810 million US dollars) have been raised in donations, 3.46 million students
from poverty-stricken families have been aided to go or return to schools (China Youth Development Foundation,
2009).
4As stated in the Decision on Education System Reform announced by the Central Committee of the Communist
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In principle, changes in school accessibility should affect neither primary school nor middle
school enrollment as the Compulsory Education Law, which took effect on July 1, 1986, requires
everyone to receive at least 9 years of education. In reality, the implementation of the Compul-
sory Education Law is far from universal. According to the data published by the Ministry of
Education, only 74.6% of primary school graduates (include both urban and rural students) at-
tended middle schools in 1990 (China Education and Research Network, 2011c). Due to the
urban-rural gap in school enrollment, the middle school enrollment rate in rural areas could be
much lower than the national average.
1.3 Data
We use data extracted from the rural sample of the China Health and Nutrition Survey (CHNS)
to analyze the impact of school accessibility on children’s educational attainment. The CHNS
covers nine provinces that vary substantially in geography, economic development, public re-
sources, and health indicators. Among these nine provinces, Heilongjiang was added in 1993
while Liaoning was not surveyed in 1997. A multistage random cluster process was used to
draw samples from each province. The survey was commenced in 1989, and six additional
panels were collected in 1991, 1993, 1997, 2000, 2004, and 2006. There are about 4,400 house-
holds and 19,000 individuals in the overall survey. The household sample was augmented by a
community survey whose respondent was a knowledgeable person on community infrastructure,
services, population, prevailing wages, and related variables. Information on school availability
has been collected since 1991. To minimize the impact of changes in sample composition on
our estimates, we focus on 102 rural communities that were surveyed every wave. As a result,
all households from Heilongjiang and Liaoning provinces are excluded.
The rationale for our sample extraction is that we need information on both primary and
middle school education. While it is not necessary for the children to be observed in two adjacent
waves, if a child was absent in one wave, his/her chance of being surveyed in later waves was
very small. Hence, we restrict our sample to students who were enrolled in primary school in
Party of China in 1985, and the Decision on Basic Education Reform and Development announced by the State
Council in 2001, province government distributes the administration authority of basic education among province,
municipality, county and prefecture government. It is unlikely that a community possesses the authority to decide
opening or closing a school, although it is probable that county or prefecture government may take into account local
conditions in decision making. In Section 1.5.2, we compare the time trends of 5 key community characteristics for
different types of communities that are grouped according to the changes in primary school availability during the
sample period. Consistent results can be obtained from the sample where children from communities that experienced
different time trends are excluded. We also find that the 9 communities that did not have a school during the sample
period were wealthier and grew faster than other communities and the 21 communities that had a new school built
were less developed than other communities. Hence, community is unlikely to have the power to change the school
availability.
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one survey and were expected to attend middle school by the next survey. Children’s schooling
status recorded at the wave right after their last record at primary school is taken as their middle
school attainment. As a result of this restriction, our sample consists of grade 5 and 6 students
from the 1991 and 2004 surveys, grade 3 to 6 students from the 1993 and 2000 surveys, and
grade 4 to 6 students from the 1997 survey. Figure 1.1 shows how observations are selected
into our sample across different waves. Our final sample consists of 1,506 children from 1,003
households in 102 rural communities residing in 7 provinces.
The main outcome variables are middle school attendance and completion.5 A child is con-
sidered as having attended middle school as long as at the time of the survey he/she was enrolled
in middle school or his/her reported completed years of schooling was larger than 6. Since
some children dropped out of middle school before graduation, a difference in middle school
attendance rate does not necessarily lead to a difference in years of schooling.6 Therefore, we
complement the attendance measure with middle school completion. A child is considered as
having completed middle school if he/she had completed middle school by the time of the sur-
vey or was still enrolled in middle school. The reason for focusing on middle school education
rather than primary school education is that the high primary school enrollment rate in China
makes it almost impossible to tell whether having a local primary school affects enrollment.7
If it does benefit children’s education, it is likely via students’ academic performance. If better
performance at primary school has a long lasting effect, the effect will be reflected as a higher
middle school enrollment rate and (or) a higher completion rate.
The policy variable that we are interested in is the presence of a primary school in a com-
munity when a student was enrolled in primary school. The number of primary schools in a
community is not available in the CHNS. Since in rural China the presence of a primary school
in a community is generally the same as having one primary school in the community, more
information on the number of schools will not facilitate our estimation. Using the presence of
school in a community as a measure of school accessibility can be found in literature (Pitt et al.,
1993; Foster and Rosenzweig, 1996). 1.8.3 details the advantages of primary school availability
over distance to school and also provides results from regressions where distance to school is
controlled for instead as a measure of school accessibility.
Table 1.1 reports the number of communities with a local primary school and the number
of communities that gained (lost) their schools. At the beginning of the sample period, 72
51.8.1 shows the details of the construction of these two outcome variables.
6Using data from a survey conducted between 2009 and 2010 covering over 7800 students from four counties in
two provinces in North and Northwest China, Yi et al. (2012) found that among the total number of students attending
middle school during the first month of the first term of grade 1, 14.2% had left school by the first month of grade 3.
Dropout rates were even higher for students that were performing more poorly academically.
7Grade repetition at primary school is high in China. School availability is found to have no effect on grade
repetition. Results are reported in 1.8.2.
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communities had a local primary school and 30 did not. 13 new schools were opened between
1991-1993, 3 more between 1993-1997, 4 between 1997-2000, only 1 between 2000-2004, and
no schools were added after that. In total, 21 new schools were opened during the sample period.
The number of communities with a school started to decline in 2000 with 6 schools shut down
between 1997-2000, 9 more between 2000-2004, and another 7 between 2004-2006. In total, 22
schools were closed during the sample period.
One data limitation is that we only know whether a community had a local primary school
in the survey year, but do not know when the new school was built or the old school was closed.
As a result, for children from communities that experienced change in availability, we do not
know how many years they spent in their local primary schools. Using the primary school
availability in the survey year when the child was studying at primary school as a proxy for the
school availability of the whole period of the child’s primary education, the measurement error
in primary school availability is minimized but not eradicated.8 Students who are classified
as attending a local primary school might only study in their own community for one year
while those classified as never attending a local primary school might actually study at a local
primary school for more than one year. This measurement error would attenuate the estimated
impact of primary school. As our results show that the presence of a local primary school has
a significant positive effect on girls’ schooling outcomes, controlling for the measurement error
will strengthen our results.
In addition to the availability of a local primary school, we also control for the presence
of a local middle school in the regressions. However, the lack of variation in middle school
availability over time makes it difficult to identify its impact on children’s schooling as the
proportion of communities with middle school hovered at around 20% throughout the entire
sample period. Hence, we have to be cautious in interpreting the estimated coefficient on the
middle school availability.
Besides these community level characteristics, we also control for a series of personal and
household characteristics. A considerable number of students (about 18.5%) started primary
school at age 7 or older. These students may behave differently from others upon completing
primary school. To control for these differences, we include a dummy variable that equals 1 for
a child who started primary school at age 7 or older. Number of siblings is also controlled for, as
it affects the resources available for a child in a household.9 The household characteristics that
have been controlled for in our regressions are: years of schooling of the better educated parent,
parental occupation, and per capita housing floor area (sq.m.). To keep our sample size reason-
81.8.4 presents a detailed discussion on the source of measurement error.
9Controlling for sibling sex composition in the regressions does not affect our results. Sibling sex composition is
found to have no effect on children’s middle school attainment.
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able, observations with missing household characteristics are also included in the regressions.
A value of zero is assigned to all the missing characteristics, and a set of dummy variables is
created with each variable being equal to 1 if the corresponding information is missing. 10
Another factor affecting a child’s middle school enrollment and completion is the time when
he/she completed his/her primary school education. The aggregate data show that the gross mid-
dle school enrollment rate has increased from 69.7% in 1991 to 97% in 2006 (China Education
and Research Network, 2011d). To control for the aggregate time trend, we include primary
school graduating year dummies in all the regressions. The primary school graduating year is
estimated based on a child’s grade at primary school in the survey year. For example, for a
student who was in grade 5 in 1991, his/her primary school graduating year is set at 1993.11
Table 1.2 reports the basic sample statistics.12 These statistics show that boys were better
educated than girls. 91.7% of boys attended middle school while only 88.2% of girls attended.
However, there was no significant difference in middle school dropout rate between genders. The
probability of delaying primary school enrollment was almost identical for boys as for girls, and
girls tended to have more siblings. The average years of schooling of the better educated parent
was about 8 years, suggesting at least one parent attended middle school in most households.
For the majority of children (67% of them), both of their parents were farmers. There was
no significant gender difference in school availability,13 and the proportion of children having
access to local primary schools was much higher than the proportion of children who had middle
schools in their communities, 86.7% versus 21.8%. In terms of other community variables,
household income per capita, years of schooling and non-farm employment rate, no evidence of
gender difference is detected either.
10Another way of treating missing variables is attempted by dropping observations with missing values, as sug-
gested by Jones (1996). Our main results are not affected. Because dropping observations with missing values
reduces the accuracy of the estimates and could lead the sample to be non-representative as argued by Cohen and
Cohen (1975), we use missing indicators in our discussion.
11In 1991 to 2006 waves of CHNS, households were surveyed between September and December in the respective
year. As the academic year in China starts from September to June in the next year, completed years of education for
a primary school student is clear-cut. A grade 5 student has completed 4 years of education, so two more years are
needed before the student graduates from a 6-year primary school.
12We use variable values at the time when the child was at primary school, except that parents’ education level is
adjusted using information from other waves of survey if possible.
13Mean-comparison test cannot detect any gender difference in primary school availability. It indicates that school
availability is unlikely to be correlated with community sex ratio of school age children.
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1.4 Identification strategy
The educational outcome, S , of child i in community c in wave w can be expressed as
S icw = Xi,c,w−1β + φpApc,w−1 + φ
mAmc,w−1 + γt + ηc + ǫicw (1.1)
where w is the wave when i′s middle school education outcome was first observed, and w − 1
refers to the wave right before w, Xi,c,w−1 is a vector of individual and household characteristics
observed in wave w − 1, Ap
c,w−1 = 1 if c had a primary school in w − 1 and 0 otherwise, and
Am
c,w−1 = 1 if c had a middle school in w − 1 and 0 otherwise, γt is a year dummy, where t
denotes the year when i graduated from primary school, captures the impact of time specific
factors, ηc captures the time invariant community effects, and ǫicw is the random error term. The
reason for using the presence of a primary school in w − 1 rather than in w in our analysis is to
guarantee that i at least spent one year in a local primary school if he/she is treated as having
access to a local primary school. Clearly, if ηc is correlated with Apc,w−1, the OLS estimate of φ
p
will be biased. We do not have a prior on the sign of the bias since the correlation between ηc
and Ap
c,w−1 can be either positive or negative. The reason for including A
m
c,w−1 rather than A
m
c,w
is that the middle school attendance decision is made before w. Clearly, ηc and Amc,w−1 could be
correlated as well. Unfortunately, the presence of a middle school in a community seldom varies
across waves, the effect of the presence of a local middle school cannot be accurately identified.
φp can be identified from a community fixed-effects model. For students living in the same
communities, we can remove the community fixed-effects by taking the difference of S i between
cohorts. The difference between cohorts captures the joint impact of the presence of a local
school, φp, and the time effect, γt. If we are willing to accept the assumption that γt is the same
for all communities, then γt can be identified from individuals who lived in communities that
always had a primary school or that never had a primary school.14 Hence, φp can be identified
from the children who lived in communities where a new school was opened or where an existing
school was closed. The estimate of φp from a fixed-effects model is in essence a difference-in-
differences estimator. Our identification strategy is similar to the one employed by Duflo (2001)
who used primary school density in district level as a measure of accessibility.
The difference-in-differences estimator might not work if the change in school availability
was triggered by changes in community characteristics, or if some community characteristics
14Similar results can be obtained from the specification with the interactions between the year dummies (survey
year dummies) and province dummies controlled for. However, we have to run the risk of sacrificing too many degrees
of freedom when attempting the specification with interactions between the year dummies (survey year dummies)
and community dummies. In specifications with regression results reported, interaction terms are not controlled for.
Time trends of key community characteristics among communities experiencing different variation in primary school
availability are scrutinized.
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and school availability moved simultaneously. While the former is improbable due to the limited
power of community in the education system, the latter is found to be unlikely the case either.
For instance, immigration, especially school-oriented, between rural communities is uncommon.
By the land policy, farmers do not own the land, and they only have the right to cultivate the land
that is allocated to them by the authority. Furthermore, by the household registration system
(Hukou), they will lose the cultivation right if they leave their home community, and the desti-
nation community is unlikely to allocate land to them as all land has already been allocated to
their existing villagers. Besides immigration between rural communities, school-oriented immi-
gration from rural to urban communities is rarely the case as well. Due to the constraint of rural
Hukou, in principle rural children cannot enroll in schools in urban areas. To see how much our
sample would be affected by immigration, we estimate the proportion of immigrant households
in the CHNS data. Since 1997, the question “Do you live here all the time?” was asked to the
head of every new household.15 Among all rural households with 6-12-year-olds, the proportion
of household heads answering “No” was highest in 1997, 1.90%, and lowest in 2006, 0.34%.16
It is not surprising that none of our sample children lived in migrant households.
Immigration is only one source of sample selection. Sample selection can be caused by
school age children leaving households, households with school age children moving out of
communities or individuals or households not surveyed due to unknown reasons. To figure out
whether our results are subject to sample selection bias, we discuss school age children’s home
leaving decision in Section 1.6.2 and sample attrition in Section 1.6.3. Children not living with
their parents were not included in our sample. If they left home primarily for attending better
schools, our estimates would be biased if school accessibility affects children’s probability of
leaving home. Moreover, our sample consists of children who were studying at primary school
in the previous wave and should have attended middle school by the following wave. However,
those who were not surveyed in the second wave were excluded. If the probability of not being
followed in the second wave is correlated with primary school accessibility, our estimates would
be biased. Robustness tests suggest that our results are unlikely to be affected by either home
leaving or sample attrition.
Besides sample selection, the identification assumption could also be violated if other gov-
ernment programs took place simultaneously (Pitt et al., 1993; Duflo, 2001). When reporting
results from our main sample, we present the results from regressions with health facility avail-
ability controlled for. Our results do not change in this specification. We also compare 5 key
community characteristics among 4 types of communities experiencing different changes in pri-
15In rural areas, 578 new households were added in 1997, and 243, 292 and 128 were added in 2000, 2004 and
2006 respectively.
16Among all rural households, the proportion was highest in 1997, 2.62%, and lowest in 2006, 0.17%.
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mary school availability in Section 1.5.2 to detect any time trend difference across these commu-
nities. Similar results can be obtained when we only include children from communities sharing
similar time trends of community characteristics for analysis.
The two variables used to measure children’s educational outcomes, S , are middle school
attendance status and middle school completion status. Although both are binary variables, we
decide to use the linear probability model (LPM) and the two-way fixed-effects linear probability
model (FE-LPM). The main reason for doing so is that the students from communities where
everyone enrolled in middle school have to be dropped in fixed-effects logit or probit model.17
Because the effect of local primary school could be different by gender, separate regressions are
run for boys and girls.
1.5 Empirical Results
1.5.1 Effect of having a local primary school
We first estimate the impact of school availability on children’s education using the entire sam-
ple. In the regressions, communities that always had a school or never had one are implicitly
used as the control group. Table 1.3 reports the estimation results for girls. For comparison pur-
pose, estimates from the pooled linear probability model (LPM) are reported in columns (1) and
(4) and the two-way fixed-effects linear probability model (FE-LPM) are in columns (2) and (5).
Interestingly, while the presence of a primary school has a positive and significant effect on girls’
middle school attendance and completion in the two-way fixed-effects linear probability model,
its impact is not statistically significant if we do not control for the community fixed-effects. The
difference between the LPM and FE-LPM suggests that the correlation between school availabil-
ity and time invariant unobservable community characteristics biases the impact towards zero.
This is likely because the government tends to allocate schools in less educated or less developed
areas to promote education and development. The availability of a local middle school does not
have any significant effect on girls’ education as long as we control for community fixed-effects.
The estimated impact of primary school accessibility on middle school completion is slightly
larger than that on attendance. Having a local primary school raises girls’ middle school atten-
dance rate by 15.9 percentage points, and completion rate by 16.9 percentage points. This is
because poor academic performance at primary school hinders students’ progress and interests
in studying at middle school even if they enrolled in one. As a result, students from communi-
ties without a primary school have a higher middle school dropout rate than others. The actual
17For detailed discussion on this issue, please refer to Caudill (1988). We also test whether our results are sensitive
to the model selection, and the results show that the marginal effect of Ap is comparable to ˆφp from the linear
probability model.
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difference could be even larger than what has been suggested by our estimates as students who
were enrolled in middle school at the time of the survey are treated as having completed middle
school although some of them might drop out later.
The coefficient on primary school availability could be driven by other government programs
that took place simultaneously. To check whether it is the case, we include the availability of
health facility (clinic or hospital) in the community as an additional control variable (similar to
Pitt et al. (1993) and Duflo (2001)). The reasons for choosing health facility are as follows. First,
improving the accessibility of primary school and health facility might be integrated parts of a
government program that is aimed to promote the growth of poor rural areas. Therefore, both
primary school and health facility can be triggered by growing public expenditure of the upper
level government. Second, the availability of a local health facility is likely to improve the health
status of local children, which could contribute positively to their schooling outcomes. Hence,
failing to control for health facility would upward bias the effect of primary school availability.
The results are reported in columns (3) and (6). While the coefficient on health facility is positive,
adding this control hardly changes the coefficient on primary school availability. This evidence
suggests that the positive impact of having a local primary school is unlikely to be driven by
improved accessibility of health facility.
It is also interesting to note that, except middle school availability, none of the commu-
nity level variables have any significant effect on girls’ educational attainment. This evidence
suggests that girls’ middle school enrollment is largely a household decision that does not de-
pend on a community’s development level, measured by income per capita, schooling of adult
population, or non-farm employment rate in our analysis.
Starting primary school at a later age reduces girls’ middle school attendance rate by about
11 percentage points and completion rate by 15 percentage points. This could be due to the neg-
ative correlation between cognitive ability and primary school starting age and (or) the positive
correlation between age and opportunity costs of schooling. If the latter is right and children
living in communities without a primary school tend to enroll later than others, the strong neg-
ative impact of late enrollment might be at least partly attributable to the absence of a local
primary school. To address this issue, we regress the probability of postponing primary school
enrollment on the presence of a local primary school and a series of household and community
level variables. The estimated coefficients on primary school availability are never statistically
significant, hence we conclude that the endogeneity of late primary school enrollment is not a
serious issue for our analysis. 18
18We also check whether children would postpone their enrollment to primary school on anticipating the new
opening of a local primary school in their communities. These children are included in our analysis: (1) who were
from communities that always had a primary school or those that had a new school opened during the sample period;
12
Consistent with the prediction of Becker and Tomes’ (1976) quantity-quality trade-off the-
ory, we find that having one more sibling has a significant negative impact on girls’ middle
school attendance, but it does not translate into a lower completion rate. With regard to other
household level variables, a one year increase in parental schooling raises their daughters’ mid-
dle school attendance rate by 1.0 percentage point, and middle school completion rate by 1.3
percentage points. This could be because better educated parents are willing to invest more in
their children’s human capital or can provide more help for their children’s study. Parental oc-
cupation has a significant effect on both middle school attendance and completion as well. For
girls whose parents are both farmers, their probability of attending or completing middle school
is about 7.5 percentage points lower than others. This could be because parents holding non-
farm jobs are willing to invest more in their daughter’s education, or because girls’ education is
sensitive to the additional income earned by their parents from working outside the agricultural
sector. Nevertheless, our findings suggest that girls will benefit from economic development
that helps people find jobs outside the traditional agricultural sector. Per capita floor area of the
house, used as a measure of a household’s wealth, has a significant impact on neither middle
school attendance rate nor completion rate.
The estimation results for boys are reported in Table 1.4. The estimated coefficients on the
key variable of interest, the presence of a primary school in a community, are never significant
even at the 10% level regardless of the model being used and the choice of the dependent vari-
able. This suggests that improving accessibility of primary school does not necessarily increase
middle school attendance rate and completion rate for boys. At least two factors could be ac-
countable for the gender differences. First, walking (riding) to another community might be a
larger burden for girls than for boys. Hence, the lack of local primary school has a larger nega-
tive impact on girls’ school absenteeism, which in turn leads to a bigger negative effect on their
academic performance and discourages their middle school attendance. Second, because parents
generally favor sons over daughters in rural China, they might be willing to enroll their sons to a
middle school regardless of their academic performance at primary school. Consequently, even
if the absence of a local school indeed hurts boys’ academic performance at primary school, it
does not translate into a lower middle school enrollment.
Similar to girls, starting primary school at a later age has a strong negative effect on middle
school attendance and completion. On average, the probability of attending middle school would
be lowered by about 15 percentage points if they started primary school at age 7 or older. This
estimate is not sensitive to whether we control for the fixed-effects or not. Having an additional
(2) whose expected primary school enrollment year was not greater than 4 years before the existence of a local
primary school was first reported, and did not fall between the consecutive survey waves, one wave with no school
and the other wave with school (as exact school open year is unknown). We find no evidence of postponing enrollment
caused by anticipated school opening.
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sibling only has a marginally significant negative effect on boys’ middle school completion
rate but has no significant effect on attendance rate. This weak impact could be due to the
influence of parental favoritism for sons. When there are not enough resources to support the
schooling of both sons and daughters, rural households tend to first satisfy their sons’ demands.
Hence, having an additional sibling has no impact on boys’ probability of enrolling in middle
school. However, as they grow older, the opportunity costs of schooling increase. After a
certain age, the benefits of dropping out of school will dominate parental favoritism in large
families. Consequently, the number of siblings still has a negative effect on boys’ middle school
completion rate.
For the household level variables, a one year increase in the schooling of the better edu-
cated parent increases a boy’s middle school attendance rate by 1.0 percentage point. However,
parental occupation affects neither middle school attendance nor completion. Similar to the ef-
fect on girls, per capita floor area of the house has a weak positive and insignificant impact on
middle school attendance and completion.
1.5.2 Effect of opening a local primary school
In the Section 1.5.1, communities that never had a primary school and communities that always
had a primary school serve as the control group, and communities that ever experienced change
in primary school availability during the sample period serve as the treatment group. To check
whether the control group and the treatment group follow the same time trend except for the
policy intervention, we compare the time trends of 5 key characteristics across 4 types of com-
munities: always had a school (type A), never had a school (type N), gained a school during
the sample period (type G),19 and lost a school during the sample period (type L). These key
characteristics are average household income, non-farm employment rate, years of schooling of
adults, population size, and fertility.
Figure 1.2 plots the time trends of these 5 characteristics by community type. Panel (a) shows
that the average household income of type N communities was higher and grew faster than that of
other communities. If income positively affects children’s education, then the estimated impact
of school accessibility on educational outcomes using cross-sectional data might be downward
biased. Type A and type G communities were similar in both average income and its growth rate,
especially between 1991 and 1993, a period when most of the new schools were opened. Panel
19Among 102 rural communities, there are 5 communities that initially did not have a primary school, but opened
and closed one during the sample period. As school closure took place after 1997 and only 4 children from these
communities were affected by school closure, we group these communities into type G for simplicity. The time trends
of type A and type G communities are not affected if these 5 communities are not grouped into type G. In this paper,
type G communities include these 5 communities unless otherwise specified.
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(b) shows that the non-farm employment rate of adults (25-55 years old) in type N communities
was much higher than that in the other communities, while it was similar between type A and
type L communities. Type G communities had the lowest employment rate. The growth rate of
employment rate in type G communities was higher than that in type A between 1991 and 1993,
but lower between 1993 and 2000. Panel (c) shows that the average years of schooling of adults
(25-55 years old) living in type A communities was almost the same as that of those living in
type N and type L communities, but was higher than that of those living in type G communities.
The time trend of years of schooling was similar during the sample period in type A and type
G communities. Panel (d) shows that type A communities were more populated than any other
communities while type N communities were the least populated ones till the 2004 survey. No
evidence of population expansion can be found in type G communities, especially from 1991
to 2000, when most type G communities gained new schools. It should be noted that the small
population size of type N communities was largely driven by the population size of 4 really
small communities. The median population size of type N communities was almost the same
as that of type G communities. The jump in the mean population size of type N communities
between 2000 and 2004 was primarily driven by a sudden increase in the size of 2 communities,
suggesting some small communities might be merged into larger communities in the later years.
Panel (e) shows that the fertility rate of ever married women under 52 years old in type N
communities was much lower and deceased slower than that in other communities. For type A
and type G communities, the time trend of fertility rate was similar.
Overall, communities that gained schools (type G) were comparable to communities that
always had a school (type A) in many dimensions except the non-farm employment rate and
the population size in a few time periods.20 The evidence indicates that, after controlling for
community fixed-effects, communities that always had a school can serve as a good control
group. However, these two types of communities were poorer and had a lower employment rate
than those that never had one (type N). This suggests that new schools tend to be built in poor
communities, which is likely to be the result of China’s anti-poverty program. Since type N
communities had a higher income growth rate, a greater population growth rate and a slower
fertility declining rate than those in other types of communities, our estimation results might be
sensitive to whether students from type N communities are included as part of the control group.
Another concern with results in Section 1.5.1 is that the variation in school accessibility
overtime came from both school opening and school closing. Our estimation approach implicitly
assumes that the effect of adding a new school is symmetric to the impact of closing an existing
20We conduct mean-comparison tests for the time trends of the key community characteristics for these two types
of communities between waves. Significant difference can only be found in non-farm employment rate change
between 1991 and 1993 (p-value: 0.041) and between 1993 and 1997 (p-value: 0.098), and in population change
between 1997 and 2000 (p-value: 0.081) and between 2004 and 2006 (p-value: 0.090).
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school. However, if it is the less effective schools that had a higher chance to be closed, then the
effects of opening a new school and closing an existing school might not be symmetric.
To see whether our estimates are sensitive to the composition of our control group or the
treatment group, we rerun the regressions by taking students from type G communities as the
treatment group and students from type A communities as the control group.21 By doing so, the
time trend will be identified by the over-time variation in middle school attendance (completion)
rate of type A communities, which shared similar trends in community characteristics with type
G communities. The impact of having a local school will be identified by changes in middle
school attendance (completion) rate of communities that gained a local school, which relaxes the
implicit assumption that gaining and losing a school have symmetric effects. Ideally, we would
like to compare the positive effect of adding a new school with the negative effect of closing an
existing school. Unfortunately, we only have 12 children in our sample who were affected by
school shutdown.22 Hence, the effect of primary school availability in Section 1.5.1 is mostly
identified from the variation in the educational outcomes of students living in communities where
a school was opened during the sample period.
Table 1.5 reports the estimation results. For the sake of brevity, we only report results from
the two-way fixed-effects linear probability model. The estimates are still statistically significant
for girls and are still not statistically significant for boys. For girls, the estimated effect on middle
school attendance from the subsample is greater than the counterpart in Table 1.3, and that on
middle school completion is less than the counterpart. These results suggest that the general
conclusion still holds after excluding students from type N communities from the regressions and
including these students might introduce a bias to the estimated impact of school accessibility.
1.6 Sensitivity analysis
1.6.1 School quality
One potential challenge for us to claim that there is a causal relationship between school accessi-
bility and attendance (completion) is that we do not control for school quality in our regressions.
Clearly, if newly opened schools were better equipped or staffed with better teachers, the esti-
mated coefficient on the presence of a local school is biased by the difference in school quality.
Without direct school quality measures in CHNS, such as student-teacher ratio, teacher qual-
ification and school infrastructure, we cannot address the issue fully. To shed some light, we
21The estimated effect of school opening is not affected if type G communities do not include the 5 communities
that experienced both school open and shutdown during the sample period.
22If counting in children from communities that experienced both school open and shutdown during the sample
period, we get 16 children affected by school shutdown.
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compare in-school activity participation rates, which have been available since 1997, across 4
types of communities. Those activities include gymnastics, badminton, tennis, soccer, basket-
ball, swimming, track and field, etc. Presumably, better schools were more likely to organize
more in-school activities, and their students would have a higher participation rate than those in
other schools. Moreover, schools with better facilities were able to organize more activities that
need equipments or special courts, such as tennis or basketball.
Table 1.6 reports two participation rates: participation in all in-school activities and par-
ticipation in selected activities that require equipments or courts.23 Students enrolled in their
communities’ newly opened schools had a lower overall participation rate in two waves (1997
and 2006) than those enrolled in local schools that already existed before 1991, and the differ-
ence was significant. In another two waves (2000 and 2004), the overall participation rate was
higher for students in communities with new school opened, but the difference was insignificant.
For activities that require equipments or courts, the participation rate was higher in all 4 surveys
in communities that always had a primary school than those with new opened schools, but the
difference was never significant. Hence, no evidence suggests that the newly opened schools
organized more activities or were better equipped than the existing schools. Therefore, we claim
that difference in school quality is unlikely the driven force for our results.
1.6.2 School accessibility and school choice
The impact of school accessibility on school choice has been largely ignored so far. This is
primarily based on the assumption that children only enroll in assigned schools in rural China.
Nevertheless, there are indeed some children who did not live with their parents in the CHNS
data. If they left home primarily for attending better schools, our estimates could be potentially
biased if school accessibility affects children’s probability of leaving home. To address this
issue, we construct a dummy variable that equals 1 for children who lived outside their parents’
household and 0 otherwise. Because we are interested in the reason why children left home, we
do not put any restriction on their schooling status. As a result, the sample used here is much
larger than the one used in the main analysis.
Table 1.7 reports the estimated impact of the presence of a local primary school on children’s
probability of living outside their parents’ household. In the regressions, we control for both
time effects and community fixed-effects. About 3.9% of primary school age boys (6-12 years
old) and 3.7% of primary school age girls did not live with their parents. For middle school
age children (13-16 years old), the corresponding value is 5.1% for boys and 4.1% for girls.
23The latter includes badminton, tennis, soccer, basketball, and table tennis in 1997. In 2000, 2004 and 2006
questionnaires, table tennis is replaced by volleyball.
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For both age groups, the estimated coefficients on primary school availability are insignificant,
economically and statistically, for both boys and girls. This suggests that the probability of
leaving home for neither young nor old children depends on the availability of a local primary
school. It should be noted that the dependent variable is “not living with their parents” rather
than “enrolling in an unassigned school”. However, given the fact that almost all 6-12-year-olds
and most 13-16-year-olds were enrolled in either primary school or middle school, “not living
with their parents” is almost equivalent to “enrolling in an unassigned school”, particularly for
the 6-12-year-olds. Therefore, the results also suggest that the presence of a local primary school
has no significant impact on school choice.
1.6.3 Sample attrition
Our sample consists of children who were studying at primary school in the previous wave
and should have attended middle school by the following wave. 1733 children met the former
requirement, however, 227 of them were not surveyed in the following wave. Although the
results from the previous subsection show that having a local primary school does not affect a
child’s home leaving probability, these results do not necessarily imply that it has no effect on
sample attrition.
The sample attrition could be due to two reasons: (1) the entire household moved out of the
community or withdrew from the survey, causing 49 children unsurveyed; (2) children moved
out of the community but their households were still in the survey. For these 178 children, we
still have some information on their schooling status in the second survey. 107 of them left home
for schooling, 66 left for working or other reasons, and the reason for leaving home was unavail-
able for the rest 5 children. Unfortunately, we do not know whether those who left home for
schooling were in primary or middle school. Nevertheless, given our restriction on their grades
in the previous wave, it is reasonable to assume that they were enrolled in a middle school. For
those who left for non-schooling related reasons, we assume that they never attended, hence
never completed, middle school. For the 54 (=49+5) children whose reasons for missing the
survey are unknown, we consider two extreme cases. In one case, we assume that all of them
had attended and completed middle school. In another case, we assume that none of them had
attended or completed middle school. If the probability of leaving a community is higher for
children living in communities without a primary school, the probability of attending and com-
pleting middle school will be overstated in the first case and understated in the second. Hence,
the estimated impact of having a local primary school on middle school attendance (completion)
rate in the first case can serve as a lower bound and that in the second case can serve as an upper
bound.
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The regression results from the two-way fixed-effects linear probability model are reported
in Table 1.8. For boys, the presence of a local primary school has no significant effect even at the
upper bound. However, for girls, the presence of a local primary school raises the middle school
attendance rate by 13% to 17.2%, and middle school completion rate by 16.2% to 20.5%. The
lower bounds are significant at the 5% level while the upper bounds are significant at the 1%
level. These results suggest that our main results are unlikely to be affected by sample attrition.
To shed some light on pre-school school-oriented immigration, we examine the sample at-
trition of households with pre-school children under 6 years old. The two-wave sample attrition
rate was 9.8%,24 lower than the two-wave sample attrition of school-age children in our sample,
13.1% (227 out of 1733 children were not followed in the second wave). If these households
quit the survey as they moved for better schools and the probability of moving is affected by
school accessibility, our estimated effect would be biased. We run regressions using whether
the household was still surveyed in the second wave as the dependent variable and control for
a series of children, household and community characteristics. No evidence of school-oriented
immigration can be detected in the sample of households with pri-school children.
1.6.4 Geographical boundary changes
In all the previous discussions, we assumed that opening or closing a school was the only source
for changes in school availability. However, changes in community boundaries could also affect
the recorded school availability of the surveyed community. For instance, if a community with-
out a primary school was merged with another community with a primary school, this merger
changed the recorded school availability of the former even though the actual availability did
not change. To check how the measurement error in school availability affects our estimation
results,25 we drop 19 communities, with 230 observations, whose geographical boundaries have
ever been changed since 1991. The estimation results from the restricted sample are reported in
Table 1.9. The presence of a primary school is found to have a positive and significant effect
on girls’ education, but a negative and statistically insignificant effect on boys’ education, which
are consistent with what have been documented in Tables 1.3 and 1.4.
1.6.5 Sample with wave 1989 and Liaoning province added
As discussed in Section 1.5, the effect of primary school availability is mostly identified from
the variation in the educational outcomes of students living in communities where a school
24Households with children under 6 years old can be surveyed in multiple waves. In that case, we kept the records
of the most recent wave. Among 1112 households with children under 6 years old, 109 were not followed in the
second wave.
25Because the school availability is a binary variable, we do not have a prior on the sign of the bias.
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was opened during the sample period. However, in our main sample, among 330 children who
lived in these communities, only 112 of them left primary school before the presence of their
local new schools was first reported,26 and 214 of them reported studying at their newly opened
schools.27 To check whether our results from the main sample (Section 1.5.1) and the subsample
(Section 1.5.2) are robust or not, we expand the sample by including children studying at primary
school in wave 1989 and children from Liaoning province.
Since school availability in 1989 was not recorded, children at primary school in 1989 are
excluded from the main sample. As middle school availability lacks variation during 1991 and
2006, we can use the middle school availability in 1991 as the middle school availability in 1989.
The primary school availability in a community is less clear-cut. As primary school open was
observed during 1991 and 2004, primary school availability in 1989 is uncertain for communities
having a primary school in 1991. Since primary school shutdown was not reported until 2000,
we can safely assume that the communities not having a local primary school in 1991 did not
have one in 1989 either. Under this assumption, we can make use part of wave 1989 data. 100
children studying at primary school in 1989 were from communities not having a primary school
in 1991, and among them, 75 left primary school before the presence of their local schools was
first reported.28 Hence, by including wave 1989, we now have 187 children leaving primary
school before school opening. Since only the primary school availability of communities that
never had a primary school and those that had new school opened can be deduced, and in Sec-
tion 1.5.2, we find that the latter communities were poorer and had a lower employment rate
than the former ones, adding wave 1989 is likely to underestimate the effect of primary school
availability. Column (1) to (4) of Table 1.10 report the results from the augmented sample. The
estimated effect of having a local primary school on middle school attainment is positive and
significant for girls, and the effect magnitude is smaller than that from the main sample. Again,
no effect on boys can be detected.
Children from Liaoning province were not included in our main sample, as we focus on
communities that were surveyed every wave and the 1997 survey was not conducted in Liaoning.
While the middle school attainment in 1997 of the 1993–1997 batch can be deduced from the
2000 survey, primary school records in 1997 of the 1997–2000 batch are not available. 12 out
of 16 sample communities in Liaoning always had a primary school and only 2 communities
had a new primary school opened.29 Including Liaoning into analysis augments the number of
26Among 112 children, 85 were from communities that had a new primary school opened, and the other 27 were
from communities that experienced both school open and shutdown during the sample period.
27The left 4 children were affected by school shutdown in 5 communities.
2859 out of 75 children were from communities having a new primary school opened during 1991 and 2006, and
16 were from communities that experienced both school open and shutdown.
29One of these two communities experienced both school open and shutdown during the sample period.
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children leaving primary school before school opening by only 5. Since the increment from
adding children from Liaoning is small and results are not affected, we report the results from
the sample with both wave 1989 and Liaoning added instead in column (5) to (8) of Table 1.10.30
Having a local primary school significantly raises the middle school attainment of girls but not
boys. Hence, our results from the augmented sample are consistent with that from the main
sample.
1.7 Conclusion
In this paper, we study the impact of local school availability on children’s education in ru-
ral China. Educational attainment is measured by middle school attendance and middle school
completion. We find that having a primary school in the community has a strong positive effect
on girls’ schooling after controlling for community fixed-effects, but we cannot find any statis-
tically significant effect on boys’ education. This gender difference suggests that studying in
an unfamiliar community could have a stronger impact on girls than on boys. Similar gender
difference has also been documented by Lloyd et al. (2005); Jacoby and Mansuri (2011).
To check whether our estimates are driven by other government programs that took place
at the same time when the school availability changed, we compare the estimation results with
and without controlling for the availability of health facility in the community. Controlling for
the availability of health facility has no impact, both economically and statistically, on the esti-
mated impact of the presence of a primary school in the community. A comparison of the time
trends of 5 key characteristics across different types of communities also reveals that commu-
nities that always had a school and those that gained a school during the sample period shared
similar time trends for almost all the key community characteristics. By taking children living
in the former as the control group and those in the latter as the treatment group, we get similar
regression results. Therefore, we conclude that our results are not driven by changes in time
varying community characteristics.
It should also be noted that failing to find a significant effect on boys’ education does not
necessarily imply that school availability has no effect on their education. This is because some
of the students who are considered as studying at a local primary school might actually spend
fewer years in their local schools compared with students who are classified as never attending
a local school due to the data constraint. This measurement error generates a downward bias to
our estimates. Nevertheless, since having a better measure of school availability will strengthen
30By adding children at primary school in wave 1989 and children from Liaoning province, we have 200 children
who left primary school before the presence of the local primary school was first reported and 215 children who
reported studying at their newly opened schools.
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our results on girls, we are confident to claim that increasing the accessibility of primary school
indeed has a positive effect on girls’ education. The difference in the impact of school avail-
ability between genders could be attributed to the gender difference in physical activity and the
prevailing favoritism towards boys in rural China. Further investigations are needed to explore
the reasons.
If the impact of losing a local school is symmetric to that of gaining one, then our results
suggest that the large-scale campaign of school mergers in the past 30 years might have an un-
intended effect on children’s education, particularly for girls. Unfortunately, we cannot directly
test this hypothesis using the CHNS data as the closing of local schools has only affected the
education of a limited number of children. A widely used argument for the school merger is to
optimize the distribution of education resources in the context of declining school age children.
By reducing the number of schools, the resources for surviving schools can be increased, which
promotes education in rural China. Nevertheless, whether the positive impact of the potential in-




1.8.1 Construction of educational attainment
A child’s primary and middle school enrollment statutes are constructed from the following
survey questions: (1) How many years of education have you completed in a regular school?
(Unit: year) (2) Are you currently at school? The former asks years of schooling a child has
completed. The latter asks whether the child is a student or not. The combination of the answers
to these two questions is used to pin down children’s educational attainment in two adjacent
survey waves.
Students who had completed less than 5 years of primary school education in the first wave
are considered as studying at primary school. However, students who had completed 5 years
of primary school education could either enroll in primary school in areas with 6-year primary
schools or enroll in middle school in areas with 5-year primary schools. Given the fact that 6-
year primary school is the norm, particularly in the later years, all students who had completed
5 years of primary school education are treated as grade 6 primary school students.31 In our
sample, only 23 students had completed 5 years of primary school education in the second
wave, and our results are not sensitive to whether we exclude these students from our analysis
or treat them as middle school rather than primary school students.
A child is treated as a middle school student in the second wave if he/she was a student and
had completed 6 years of primary school education or 1 to 2 years of middle school education.
Middle school attendance measures whether a child had ever attended middle school or not in the
second wave. It is equal to 1 if the child was a student with completed years of schooling greater
than or equal to 6, or the child was no longer a student and the completed years of schooling
was greater than 6. It is equal to 0 if the child was a student with completed years of schooling
less than 6, or the child was no longer a student and completed years of schooling was less than
or equal to 6.
Middle school completion measures whether a child completed middle school education
before dropping out. It is equal to 1 if the child had completed 9 years of compulsory education
or the child was still a student with years of schooling greater than or equal to 6. It is equal to 0 if
the child had completed less than 6 years of schooling, or the child was no longer a student and
his/her completed years of schooling was less than 9. In other words, the child had not attended
middle school at all or dropped out before completing middle school education.
31According to the Educational Statistics Yearbooks of China (1990-2004), the proportion of students enrolled in
6-year primary schools increased from 63% in 1990 to 95% in 2004.
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1.8.2 Grade repetition
Grade repetition would affect children’s educational attainment. For example, a grade 3 student
in 1993 was supposed to attend middle school in 1997. However, if the student repeated one
grade between 1993 and 1997, the student would be still in grade 6 in 1997 and be treated as
never attending middle school in our analysis. If grade repetition is correlated with the avail-
ability of a local primary school, then this correlation could affect middle school attendance and
bias our estimation results.
Primary school availability could have a mixed effect on grade repetition. On the one hand,
since the probability of grade repetition is negatively correlated with a student’s academic per-
formance in China, the presence of a local school in the community reduces the probability of
grade repetition via its positive effect on children’s school performance. On the other hand, the
costs of repeating grade are lower in communities with a local school, which increases the prob-
ability of school repetition. Because students who repeated grade completed primary school at
an older age than others, their opportunity costs of attending middle school were higher, which
lowered their middle school attendance (completion) rate. Moreover, students who were ex-
pected to attend middle school but failed to do so due to grade repetition are classified as never
attending middle school according to the rules described in 1.8.1.
To examine the impact of school availability on grade repetition, we construct a dummy
variable that equals 1 if a child repeated a grade and 0 otherwise. This measure can only be
constructed for children who were primary school students in multiple waves. Children are
considered as having repeated grade if their grade progressed slower than they were supposed
to. For example, a grade 2 student in the 1993 survey was supposed to be at grade 6 in 1997. If
he was in grade 5 instead, then he would be treated as having repeated grade in primary school.
Table 1.12 reports the effect of exposure to local school on grade repetition. Although the
grade repetition is common, 47% for both genders, the presence of a local primary school does
not have a significant effect on school repetition. It provides evidence that the effect of primary
school availability on middle school attainment is unlikely to be driven by its effect on grade
repetition.
1.8.3 Distance to school
Distance to primary school is available at community level. It is set to zero if there is a primary
school in the community. The reasons for using availability rather than distance to school as
a measure of school accessibility are as follows. First, distance to the nearest school was col-
lected at the community level. As houses in some communities could be widely spread out, the
community level distance might not be a good measure of the actual commuting distance for
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students. Second, the commuting distance per se might not be the major contributing factor for
the relationship between school accessibility and children’s schooling. Because communities are
normally separated by farmland and roads between communities are mostly unlit and unpaved,
for any given travel distance, between-community commuting could constitute a bigger burden
than within-community commuting to the children, hence has a larger impact on school absen-
teeism. Besides physical constraints, social constraints might also be an obstacle. For instance,
in rural Pakistan seclusion of women is practiced widely and Jacoby and Mansuri (2011) find
that girls’ entry into primary school is substantially discouraged when they have to cross settle-
ment boundaries to attend, irrespective of the distance they would have to travel. Third, since
most primary school teachers live in the communities where they teach, the chance of having an
informal meeting with students’ parents is much higher in communities with a primary school
than in other communities. The enhanced parent-teacher interaction benefits students’ academic
performance, but does not depend on the distance to school. Fourth, as pointed out by Brown
and Park (2002), distance to school might be positively correlated with school quality as larger
and better schools normally have larger catchment areas.
The results of specifications with community distance to school controlled for instead of
local school availability are shown in Table 1.11. Community distance to school is found to have
no effect on middle school attainment for both boys and girls. We suggest that the weak impact
could be attributable to at least two factors. First, the positive effect of school availability could
be driven by its impact on parents-teacher interaction rather than commuting distance. Second,
because households could spread out over a considerable large area in some communities, the
distance to school measured at the community level could differ substantially from the actual
commuting distance.
1.8.4 Measurement error in school availability
Primary school availability is measured with error. We only know whether a community had
a local primary school in the survey year, but do not know when the new school was built or
the old school was closed. As a result, for children who lived in communities that experienced
change in availability, we do not know how many years they spent in their local primary schools.
The situation is further complicated by the unequal interval between CHNS waves.
In our empirical analysis, students are identified as attending a local school only if they were
attending a local primary school in at least one survey. Since the interval between consecutive
surveys varies from 2 to 4 years, students with the same years of exposure to local primary
schools might be identified as never attending a local school in one survey but as attending a
local school in another. For example, a community whose new school was opened in 1992
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would be identified as not having a primary school in 1991, but as having one in 1993. Students
who were in grade 5 in 1991 would spend one year in the newly opened local school, but we
could never observe them studying at a local school since they had graduated from primary
school by 1993. These students would be classified as never attending a local primary school.
However, for grade 4 students, since we could observe them studying at a local primary school
in 1993, they would be treated as attending a local school although they only spent 2 years in
their local primary school. If the school was opened in 1993, these grade 4 students would still
be treated as studying at a local primary school even though they only spent 1 year in their local
school.
Now, consider another community whose new school was opened in 1994. The community
would be identified as not having a school in 1993 but having one in 1997, as no survey was
conducted between 1993 and 1997. Students who were in grade 5 in 1993 would be treated as
never attending a local primary school as in the previous example. However, grade 4 students
would also be treated as never attending a local school as they had graduated from primary
school by the time the school availability question was asked in 1997.
These two examples show that students who are classified as attending a local primary school
might only study in their own community for one year while those classified as never attending a
local primary school might actually study at a local primary school for more than one year. The
measurement error in primary school availability would bias our estimated impact of primary
school availability towards zero. Nevertheless, since our results show that the presence of a
local primary school has a significant positive effect on girls’ schooling outcomes, controlling
for the measurement error will strengthen our results.
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Note: The duration of primary school and middle school education is 6 and 3 years, respectively. 
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Figure 1.2: Community level characteristics by primary school availability
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Table 1.1: Numbers of communities that had, gained or lost schools
Year Having schools Gaineda Lostb
1991 72 . .
1993 85 13 0
1997 88 3 0
2000 86 4 6
2004 78 1 9
2006 71 0 7
Note: There are a total of 102 rural communities in our sample.
a A community is considered as having gained a local school if it had a school in the current survey and did not have
one in the previous survey.
b A community is considered as having lost a local school if it did not have a school in the current survey and had
one in the previous survey.
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Table 1.2: Summary statistics for the entire sample of children
All Boys Girls
Middle school attainment
Attendance .901 .917 .882
(.299) (.277) (.323)
Completion .856 .87 .84
(.351) (.336) (.367)
Child
Male .544 1 0
(.498)
Primary school admission delayed .185 .19 .179
(.389) (.393) (.384)
Number of siblings 1.687 1.564 1.833
(1.012) (.984) (1.026)
Household
Schooling of the better educated parent 8.144 8.186 8.095
(3.149) (3.14) (3.161)
Parents’ education missing .009 .009 .01
(.096) (.092) (.1)
Both parents farmer .671 .665 .678
(.47) (.472) (.467)
Parents’ job missing .026 .026 .026
(.159) (.158) (.16)
Housing floor area per capita (sq.m.) 20.385 21.254 19.35
(14.842) (15.829) (13.512)
House area per capita missing .052 .05 .055
(.223) (.218) (.229)
Community
Primary school in community .867 .869 .865
(.339) (.337) (.342)
Middle school in community .218 .219 .218
(.413) (.414) (.413)
Household income per capita 7.813 7.824 7.8
(.521) (.506) (.539)
Years of schooling 6.029 6.045 6.01
(1.236) (1.208) (1.268)
Non-farm employment rate .212 .212 .213
(.177) (.177) (.178)
N 1506 819 687
Note: Standard deviations are in parentheses.
Attendance equals 1 if an individual had ever attended middle school by the survey time and 0 otherwise.
Completion equals 1 if an individual had completed middle school by the survey time or was still enrolled in middle
school, and 0 otherwise.
“Primary school admission delayed” equals 1 if a student began primary school education at age 7 or older, and 0
otherwise.
“Parental education missing” equals 1 if neither parent’s schooling is available. “Parental job missing” equals 1 if
both parents’ job records are missing.
“Years of schooling” and “non-farm employment rate” are calculated based on the 25-55-year-olds in a county to
avoid the problem of multicollinearity.
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Table 1.3: Effect of primary school availability on middle school attainment (Girls)
Attendance Completion
LPM FE-LPM FE-LPM LPM FE-LPM FE-LPM
(1) (2) (3) (4) (5) (6)
Child
Primary school admission delayed -.125∗∗∗ -.108∗∗ -.106∗∗ -.175∗∗∗ -.151∗∗∗ -.149∗∗∗
(.047) (.049) (.049) (.047) (.050) (.050)
Number of siblings -.042∗∗∗ -.037∗∗ -.038∗∗ -.021 -.017 -.018
(.016) (.016) (.016) (.016) (.017) (.017)
Household
Schooling of the better educated parent .016∗∗∗ .010∗∗ .011∗∗ .018∗∗∗ .013∗∗ .014∗∗
(.005) (.005) (.005) (.005) (.005) (.005)
Both parents farmer -.074∗∗∗ -.074∗∗∗ -.073∗∗∗ -.074∗∗ -.076∗∗ -.074∗∗
(.022) (.025) (.025) (.031) (.033) (.034)
Housing floor area per capita (sq.m.) -.0001 -.0001 -.0002 -.0005 -.001 -.001
(.001) (.001) (.001) (.001) (.001) (.001)
Community
Primary school in community .061 .159∗∗ .160∗∗ .060 .169∗∗ .170∗∗
(.043) (.074) (.073) (.048) (.072) (.071)
Middle school in community .084∗∗∗ .042 .044 .067∗ -.042 -.040
(.025) (.053) (.054) (.036) (.064) (.064)
Health facility in community .055 .080
(.088) (.097)
Household income per capita .012 .064
(.033) (.040)
Years of schooling -.001 .012
(.018) (.021)
Non-farm employment rate .158 .053
(.110) (.124)
Const. .718∗∗∗ .831∗∗∗ .775∗∗∗ .213 .724∗∗∗ .641∗∗∗
(.251) (.097) (.124) (.309) (.104) (.134)
Obs. 686 686 668 681 681 663
Mean of the dependent variable .882 .882 .879 .84 .84 .836
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
LPM refers to linear probability model, and FE-LPM refers to two-way fixed-effects linear probability model.
Province dummies are not included in the FE-LPM. Estimates of missing indicators (parental education missing,
parental job missing, and housing floor area per capita missing), province and year dummies (the expected primary
school graduating year) are not reported. Standard errors are clustered at community level.
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Table 1.4: Effect of primary school availability on middle school attainment (Boys)
Attendance Completion
LPM FE-LPM FE-LPM LPM FE-LPM FE-LPM
(1) (2) (3) (4) (5) (6)
Child
Primary school admission delayed -.145∗∗∗ -.145∗∗∗ -.150∗∗∗ -.170∗∗∗ -.187∗∗∗ -.184∗∗∗
(.031) (.033) (.033) (.040) (.044) (.044)
Number of siblings -.007 -.011 -.007 -.024 -.029∗ -.023
(.011) (.012) (.011) (.015) (.016) (.016)
Household
Schooling of the better educated parent .011∗∗ .010∗∗ .009∗∗ .010∗∗ .007 .007
(.004) (.004) (.004) (.005) (.005) (.005)
Both parents farmer -.012 -.019 -.027 -.035 -.040 -.042
(.020) (.022) (.023) (.027) (.032) (.031)
Housing floor area per capita (sq.m.) .0007 .0004 .0003 .001 .0006 .0005
(.0005) (.0006) (.0005) (.0006) (.0008) (.0008)
Community
Primary school in community .042 .012 .010 .040 .040 .040
(.036) (.052) (.053) (.041) (.062) (.062)
Middle school in community .015 .028 .028 -.002 .0006 .0006
(.025) (.068) (.069) (.027) (.067) (.068)
Health facility in community .020 .035
(.060) (.062)
Household income per capita -.007 .003
(.024) (.029)
Years of schooling -.009 -.015
(.012) (.014)
Non-farm employment rate .034 .067
(.077) (.090)
Const. .845∗∗∗ .783∗∗∗ .772∗∗∗ .793∗∗∗ .784∗∗∗ .742∗∗∗
(.194) (.079) (.103) (.235) (.092) (.113)
Obs. 815 815 800 809 809 794
Mean of the dependent variable .917 .917 .916 .87 .87 .87
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
LPM refers to linear probability model, and FE-LPM refers to two-way fixed-effects linear probability model.
Province dummies are not included in the FE-LPM. Estimates of missing indicators (parental education missing,
parental job missing, and housing floor area per capita missing), province and year dummies (the expected primary
school graduating year) are not reported. Standard errors are clustered at community level.
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Table 1.5: Effect of school open on middle school attainment
Boys Girls
Attendance Completion Attendance Completion
(1) (2) (3) (4)
Child
Primary school admission delayed -.154∗∗∗ -.212∗∗∗ -.073 -.135∗∗
(.038) (.052) (.056) (.057)
Number of siblings -.006 -.021 -.031∗ -.007
(.014) (.019) (.016) (.018)
Household
Schooling of the better educated parent .011∗∗ .009 .010∗∗ .015∗∗∗
(.005) (.006) (.005) (.005)
Both parents farmer -.026 -.049 -.073∗∗ -.076∗∗
(.024) (.037) (.030) (.038)
Housing floor area per capita (sq.m.) .0005 .0008 .0002 -.001
(.0006) (.0009) (.002) (.002)
Community
Primary school in community -.006 .016 .165∗∗ .147∗
(.065) (.077) (.082) (.078)
Middle school in community .032 .004 .043 -.041
(.075) (.073) (.060) (.075)
Const. .770∗∗∗ .785∗∗∗ .768∗∗∗ .757∗∗∗
(.095) (.120) (.111) (.109)
Obs. 638 633 555 551
Mean of the dependent variable .914 .859 .89 .849
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Only observations from type A and type G communities are included. Two-way fixed-effects linear probability model
is applied. Community level variables except school availability variables are omitted. Province dummies are not
included. Estimates of missing indicators (parental education missing, parental job missing, and housing floor area
per capita missing) and year dummies (the expected primary school graduating year) are not reported. Standard
errors are clustered at community level.
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Table 1.6: Participation rate of in-school activities
Year All activities Selected activities




















Note: Communities are grouped according to the primary school availability between 1991 and 2006. n represents
the number of communities. The participation records of in-school activities were not available until wave 1997.
Selected in-school activities included badminton, tennis, soccer, basketball, and table tennis in 1997 with table tennis
replaced by volleyball in 2000, 2004 and 2006. As the category of in-school activities in the 1997 survey is different
from that of later surveys, the rates in 1997 should be interpreted with caution.
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Table 1.7: Effect of school availability on home leaving decision
6-12-year-olds 13-16-year-olds
Boys Girls Boys Girls
(1) (2) (3) (4)
Child
Age -.003∗ -.001 .006 .006
(.002) (.002) (.005) (.005)
Number of siblings .023∗∗∗ .022∗∗∗ .035∗∗∗ .023∗∗∗
(.005) (.004) (.007) (.007)
Household
Parents’ maximum schooling .001 .0003 .0008 -.0003
(.001) (.001) (.002) (.002)
Both parents farmer .013∗ .004 .010 -.005
(.007) (.009) (.012) (.012)
Housing floor area per capita (sq.m.) .002∗∗∗ .002∗∗∗ .003∗∗∗ .002∗∗∗
(.0006) (.0006) (.0005) (.0006)
Community
Primary school in community -.007 .019 -.022 -.004
(.016) (.020) (.023) (.023)
Middle school in community .008 -.006 -.026 -.004
(.013) (.015) (.026) (.017)
Const. -.116∗∗∗ -.116∗∗∗ -.174∗∗ -.145∗
(.036) (.033) (.083) (.086)
Obs. 2773 2385 1429 1323
Mean of the dependent variable .039 .037 .051 .041
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
The dependent variable is whether a child lived with parents at the time of the survey. Two-way fixed-
effects linear probability model is applied. Community level variables except school availability variables
are omitted. Province dummies are not included. Estimates of missing indicators (parental education
missing, parental job missing, and housing floor area per capita missing) and wave dummies (the survey
year) are not reported. Standard errors are clustered at community level.
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Table 1.8: Effect of primary school availability on middle school attainment (sample attrition considered)
Lower bound Upper bound
Boys Girls Boys Girls
Attendance Completion Attendance Completion Attendance Completion Attendance Completion
(1) (2) (3) (4) (5) (6) (7) (8)
Child
Primary school admission delayed -.121∗∗∗ -.156∗∗∗ -.126∗∗∗ -.157∗∗∗ -.124∗∗∗ -.159∗∗∗ -.125∗∗∗ -.156∗∗∗
(.033) (.039) (.044) (.044) (.033) (.040) (.045) (.045)
Number of siblings -.026∗∗ -.040∗∗ -.044∗∗∗ -.026 -.010 -.024 -.044∗∗∗ -.026
(.013) (.016) (.015) (.017) (.014) (.017) (.015) (.017)
Household
Schooling of the better educated parent .012∗∗∗ .010∗∗ .010∗∗ .012∗∗ .011∗∗ .010∗ .014∗∗ .016∗∗∗
(.004) (.005) (.005) (.005) (.005) (.005) (.005) (.006)
Both parents farmer -.019 -.038 -.073∗∗∗ -.067∗∗ .022 .004 -.028 -.022
(.026) (.035) (.027) (.033) (.027) (.034) (.029) (.034)
Housing floor area per capita (sq.m.) .0009 .001 .001 .0008 .001 .001 .0009 .0004
(.0006) (.0007) (.001) (.001) (.0008) (.0009) (.001) (.001)
Community
Primary school in community .054 .079 .130∗∗ .162∗∗ .072 .097 .172∗∗∗ .205∗∗∗
(.052) (.058) (.063) (.067) (.059) (.064) (.066) (.062)
Middle school in community .096 .074 .092∗∗ -.018 .101 .079 .103∗∗ -.005
(.065) (.064) (.044) (.069) (.067) (.066) (.043) (.059)
Const. .718∗∗∗ .706∗∗∗ .816∗∗∗ .692∗∗∗ .644∗∗∗ .631∗∗∗ .717∗∗∗ .591∗∗∗
(.084) (.092) (.091) (.098) (.093) (.101) (.096) (.100)
Obs. 939 933 789 784 939 933 789 784
Mean of the dependent variable .888 .848 .854 .818 .862 .821 .824 .787
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Attrited children are included in the regressions. To estimate the lower bound, children from attrited households are assumed to have both attendance and completion
equal to 1, and to estimate the upper bound, they are assumed to have both equal to 0. In both cases, children who left household for study are considered to have
both attendance and completion equal to 1, and those who left household for work are considered to have both equal to 0. Two-way fixed-effects linear probability
model is applied. Community level variables except school availability variables are omitted. Province dummies are not included. Estimates of missing indicators
(parental education missing, parental job missing, and housing floor area per capita missing) and year dummies (the expected primary school graduating year) are
not reported. Standard errors are clustered at community level.
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Table 1.9: Effect of primary school availability on middle school attainment in communities
without boundary changes
Boys Girls
Attendance Completion Attendance Completion
(1) (2) (3) (4)
Child
Primary school admission delayed -.157∗∗∗ -.206∗∗∗ -.085∗ -.152∗∗∗
(.034) (.047) (.051) (.053)
Number of siblings -.012 -.032∗ -.033∗ -.014
(.013) (.018) (.017) (.016)
Household
Schooling of the better educated parent .010∗∗ .006 .013∗∗∗ .016∗∗∗
(.004) (.005) (.005) (.005)
Both parents farmer -.017 -.045 -.075∗∗∗ -.079∗∗
(.026) (.037) (.029) (.038)
Housing floor area per capita (sq.m.) .0007 .001 -.0002 -.002
(.0006) (.0009) (.001) (.002)
Community
Primary school in community -.064 -.033 .185∗∗ .153∗
(.060) (.078) (.085) (.079)
Middle school in community -.034 -.057 .051 -.075
(.069) (.068) (.062) (.072)
Const. .871∗∗∗ .873∗∗∗ .754∗∗∗ .699∗∗∗
(.090) (.109) (.108) (.108)
Obs. 696 690 575 571
Mean of the dependent variable .914 .859 .889 .849
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Observations from communities that have ever experienced geographical boundary change since 1991 are dropped.
Two-way fixed-effects linear probability model is applied. Community level variables except school availability
variables are omitted. Province dummies are not included. Estimates of missing indicators (parental education
missing, parental job missing, and housing floor area per capita missing) and year dummies (the expected primary
school graduating year) are not reported. Standard errors are clustered at community level.
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Table 1.10: Effect of primary school availability on middle school attainment with wave 1989
and Liaoning added
+1989 +1989 +Liaoning
Boys Girls Boys Girls
Attendance Completion Attendance Completion Attendance Completion Attendance Completion
(1) (2) (3) (4) (5) (6) (7) (8)
Child
Primary school admission delayed -.132∗∗∗ -.179∗∗∗ -.119∗∗∗ -.164∗∗∗ -.135∗∗∗ -.180∗∗∗ -.114∗∗∗ -.157∗∗∗
(.033) (.041) (.044) (.047) (.032) (.040) (.042) (.045)
Number of siblings -.004 -.015 -.034∗∗ -.019 -.005 -.015 -.033∗∗ -.019
(.014) (.017) (.015) (.015) (.014) (.017) (.014) (.015)
Household
Schooling of the better educated parent .010∗∗ .007 .008∗ .011∗∗ .010∗∗ .007 .008∗∗ .011∗∗
(.004) (.004) (.004) (.005) (.004) (.004) (.004) (.005)
Both parents farmer -.028 -.045 -.071∗∗∗ -.058∗ -.028 -.045 -.068∗∗∗ -.056∗
(.022) (.030) (.025) (.033) (.022) (.029) (.024) (.031)
Housing floor area per capita (sq.m.) .0001 .0006 -.00008 -.0006 1.00e-05 .0004 -.00009 -.0007
(.0006) (.0008) (.001) (.001) (.0006) (.0008) (.001) (.001)
Community
Primary school in community .055 .048 .126∗ .153∗∗ .051 .046 .122∗ .148∗∗
(.049) (.055) (.066) (.064) (.049) (.055) (.066) (.063)
Middle school in community .015 -.006 .061 -.026 .010 -.011 .059 -.023
(.066) (.066) (.048) (.060) (.064) (.065) (.045) (.058)
Const. .827∗∗∗ .804∗∗∗ .997∗∗∗ .778∗∗∗ .814∗∗∗ .793∗∗∗ .986∗∗∗ .784∗∗∗
(.087) (.102) (.087) (.106) (.086) (.100) (.082) (.099)
Obs. 869 862 732 727 899 892 765 760
Mean of the dependent variable .909 .862 .884 .839 .909 .863 .889 .846
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Observations are added to the main sample. Adding wave 1989 merely adds children from communities that did
not have a primary school in 1991, as only these communities’ primary school availability in 1989 can be deduced.
Adding wave 1989 and Liaoning province adds to the main sample the children from Liaoning province and also the
children at primary school in 1989 from Liaoning and the other 7 provinces. Two-way fixed-effects linear probability
model is applied. Community level variables except school availability variables are omitted. Province dummies are
not included. Estimates of missing indicators (parental education missing, parental job missing, and housing floor
area per capita missing) and year dummies (the expected primary school graduating year) are not reported. Standard
errors are clustered at community level.
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Table 1.11: Effect of distance to primary school on middle school attainment
Boys Girls
Attendance Completion Attendance Completion
(1) (2) (3) (4)
Child
Primary school admission delayed -.141∗∗∗ -.184∗∗∗ -.106∗∗ -.151∗∗∗
(.033) (.045) (.049) (.050)
Number of siblings -.013 -.030∗ -.037∗∗ -.016
(.012) (.016) (.016) (.017)
Household
Schooling of the better educated parent .009∗∗ .006 .010∗∗ .013∗∗
(.004) (.005) (.005) (.005)
Both parents farmer -.024 -.044 -.080∗∗∗ -.079∗∗
(.022) (.033) (.024) (.031)
Housing floor area per capita (sq.m.) .0003 .0006 -.0004 -.001
(.0005) (.0008) (.001) (.001)
Community
Community distance to primary school (km) .001 -.017 -.016 -.023
(.031) (.030) (.023) (.028)
Middle school in community .029 .002 .079 -.008
(.068) (.066) (.053) (.066)
Const. .801∗∗∗ .826∗∗∗ .976∗∗∗ .874∗∗∗
(.060) (.073) (.069) (.082)
Obs. 810 804 683 678
Mean of the dependent variable .917 .871 .884 .842
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Two-way fixed-effects linear probability model is applied. Primary school availability is indicated by community dis-
tance to primary school when the child was at primary school. Community level variables except school availability
variables are omitted. Estimates of missing indicators (parental education missing, parental job missing, and housing
floor area per capita missing) and year dummies (the expected primary school graduating year) are not reported.
Standard errors are clustered at community level.
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Number of siblings -.017 .010
(.021) (.018)
Household
Schooling of the better educated parent -.006 .008
(.007) (.007)
Both parents farmer .024 -.051
(.045) (.045)
Housing floor area per capita (sq.m.) -.0006 -.001
(.0009) (.002)
Community





Mean of the dependent variable .469 .476
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
The last wave record of individuals with multiple records at primary school is included for analysis. Outcome
variable, repeat, is constructed for children who were surveyed more than once. It equals 1 if the difference between
age in grade and ideal age in grade enlarges across waves, and equals 0 if the difference remains or narrows. Two-way
fixed-effects linear probability model is applied. School availability is indicated by availability in the community at
the last wave or up to the last wave. Community level variables except school availability variables are omitted.
Estimates of missing indicators (parental education missing, parental job missing, and housing floor area per capita
missing) and year dummies (the expected primary school graduating year) are not reported. Standard errors are
clustered at community level.
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Chapter 2
New Cooperative Medical Scheme and
Health Expenditure in Rural China
2.1 Introduction
The New Cooperative Medical Scheme (NCMS) was launched in 2003 in selected counties
in rural China and was gradually spread over all counties by 2010, aiming to safeguard rural
households against catastrophic disease. The introduction of the NCMS was a response to the
rising pressure of high health expenditure for rural households. The broad guideline of the
NCMS was issued by the central government. The program is financed partially by household
contributions and partially by government subsidies. The participation in the NCMS is voluntary,
and a household can choose to enroll either all household members or none of them. Unlike the
Cooperative Medical Scheme (CMS) that phased out in the 1980s, the NCMS is administrated
at county level, thus the policy design and implementation vary among counties.
Existing literature on NCMS generally find that out-of-pocket expenditure did not change
after the introduction of the NCMS. Wagstaff et al. (2009) use difference-in-differences with
matching to estimate the policy effect based on a panel data set from 15 counties. It is found
that the NCMS did not reduce out-of-pocket payments. Lei and Lin (2009) examine the NCMS
effect using the panel data set from the China Health and Nutrition Survey (CHNS). Individual
fixed-effects models, instrumental variable estimation and difference-in-differences with match-
ing have been used. The NCMS is not found to lower out-of-pocket expenditure either.
While the effectiveness of the NCMS is questionable, its sustainability is also a matter of
public concern. Feldstein (1977) points out that the expansion of health insurance increases the
demand for both quality and quantity of medical services due to the market failure, moral hazard
or adverse selection. Some studies do show that insurance raises health care utilization, such
as outpatient services (Cameron et al., 1988; Card et al., 2008; Miller et al., 2009; Long et al.,
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2011), and hospital admissions, especially from non-emergency room admissions (Card et al.,
2008). Failing to lower the out-of-pocket expenditure found in previous studies might be indeed
a result of considerable increase in the demand for medical service caused by the introduction
of the NCMS. Increasing health care utilization after the NCMS has been documented. Joining
it is found to raise outpatient and inpatient utilization (Wagstaff et al., 2009), and preventive
care utilization (Lei and Lin, 2009). As higher demand for medical services may push up total
health expenditure, the elevated bill size would explode the affordability of insurance program
and hinder its sustainability, especially when the program is partially funded by public finance.
However, a higher utilization rate does not necessarily increase the overall medical expenditure,
particularly if the increase is mostly driven by the increase in preventive care. This is because
preventing diseases is normally much cheaper than curing diseases. Therefore, direct evidence
on the relationship between health insurance and total health expenditure is needed to evaluate
the sustainability of a health insurance program. Using data from a randomized experiment, the
Rand Health Insurance Experiment (HIE), Manning et al. (1987) suggest that the spread of health
insurance can account for only a modest portion of the postwar rise in medical expenditure.
Using a two-year panel data set, Ward and Franks (2007) find that expenditures associated with
gaining insurance will increase in a predictable manner to levels similar to those of persons who
are already insured.
The role the NCMS plays in increasing total health expenditure has not been explored. In this
paper, we investigate the effect of joining the NCMS on total household health expenditure, using
data from the longitudinal Rural Fixed-point Survey (RFPS) 2003-2006 and a supplemented
NCMS survey conducted in 2007. The NCMS participation history of each household was
collected by 2007 NCMS survey, and the county starting date can be deduced from the reported
household joining year and the progress reports published by county NCMS offices. Annual
household total health expenditure was collected by the RFPS from 2003 to 2006.
The determinants of both county participation decision and household participation decision
are discussed. Both county decision of piloting the NCMS and household decision of joining
the NCMS when it was available are found to be non-random. It indicates the importance of
dealing with the endogeneity of county in NCMS and household in NCMS. FE-2SLS model,
in which both household fixed-effects and time fixed-effects are controlled for and county in
NCMS is used as an instrumental variable for household in NCMS, is employed to obtain the
main results. It is found that neither county in NCMS nor household in NCMS affects the total
household health expenditure per capita. Consistent results are obtained from robustness tests.
The paper is structured as follows. Section 2.2 provides the basic background information
about the NCMS and discusses the data source, Section 2.3 presents the theoretical model and
empirical model, Section 2.4 explains our identification strategy, the estimation results are pre-
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sented in Section 2.5, some sensitivity analyses are conducted in Section 2.6, and Section 2.7
concludes.
2.2 NCMS and the data
2.2.1 New Cooperative Medical Scheme (NCMS)
The old rural health insurance program, cooperative medical scheme (CMS), came into existence
in the 1950s (Liu and Cao, 1992). It is often recognized as significantly contributing to China’s
success in accomplishing its “first health care revolution” (Sidel, 1993). The CMS coverage rate
reached the peak of 90 percent in 1979, however, the CMS phased out primarily following the
collapse of the commune system in the 1980s (Liu and Cao, 1992). It is reported by Ministry of
Health (2004), in 2003, 9.5% of rural residents participated the CMS, 3.1% joined other social
insurance and 8.3% purchased commercial insurance. Only 1% of rural residents held multiple
insurance. 79.1% of rural residents did not have any insurance.
The New Cooperative Medical Scheme (NCMS) was launched in 2003 in rural China, as
a response to the rising pressure of high health expenditure. Initially, the central government
selected 303 counties into the program (Ministry of Health, 2005). The NCMS is aimed to
build up a nationwide health insurance network by 2010, protecting rural households against
catastrophic disease and improving their health status (Ministry of Health et al., 2003a). The
broad guidelines of the NCMS were issued by the central government. It is financed partially
by household contributions and partially by government subsidies.1 In principle, reimbursement
rate is set based on the insurance premium, and income and expenses should be balanced. By
accumulating experience from pilot counties, the NCMS is expected to spread gradually over
the country. The participation in the NCMS is voluntary, and a household can choose to enroll
either all household members or none of them. Unlike the CMS which was administrated at
village level, the NCMS is administrated at county level. The county government is entitled the
rights to design the county-specific policy and takes responsibility for the implementation of the
NCMS.
Take Yuyao county in Zhejiang province as an example.2 Yuyao started the NCMS on
1According to Ministry of Health et al. (2003b), in 2003, the contribution of one participator was 10 yuan in
principle. Each mid-west rural participator could receive 10 yuan subsidy from central government and at least 10
yuan subsidy from levels of local government. Each east rural participator received subsidy not less than 20 yuan
from levels of local government. From 2008, individual contribution was raised to 20 yuan and the government
subsidy was raised to 80 yuan (Ministry of Health and Ministry of Finance, 2008).
2Yuyao is a county subordinate to Ningbo, a city in Zhejiang province. Data was downloaded from the official
website of Ningbo government, http://nb.ningbo.gov.cn/html/main/sxdtView/2563722.html, on May 15, 2013. More
implementation details can be found at http://www.wsj.yy.gov.cn/ztxx hzyl.asp?id=109&page=1.
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January 1, 2004. Participation rate has increased from 87.4% in 2004 to 97.30% in 2010. The
contribution of each participator each year has increased from 75 yuan in 2004 to 300 yuan
in 2010, and the sibsidy from governement was 200 yuan in 2010, compared to 45 yuan in
2004. Inpatient reimbursement rate was increased to 43% with deductible amount reduced to
300 yuan and payment ceiling raised to 80 thouand yuan. Outpatient reimbursement rate was
raised to 30% from 15% in 2004. Free health screening was provided, and 1.48 billion NCMS
participators have attended.
Nationwide, according to Ministry of Health (2006), 678 counties had adopted the NCMS
by the end of 2005, covering 236 million rural residents, accounting for 26.7% of overall rural
residents and the participation rate had reached 75.6% . The health insurance coverage of rural
residents had largely improved. In 2008, 89.7% of rural residents were in the NCMS, 2.9%
joined other social insurance, and 6.9% purchased commercial insurance, among which 6.4%
held multiple insurance and only 6.9% did not have any insurance (Ministry of Health, 2009).
Most counties adopted the model with both outpatient and inpatient reimbursement, and other
models included household account, pooling account for outpatient expenses and large outpa-
tient expenses. The inpatient reimbursement rate was low, averagely 27.5%, only 15% of the
insured could get over 60% of medical expenditure reimbursed. Counties with high surplus in
NCMS funds were required to adjust the insurance terms accordingly, such as increasing reim-
bursement rate or lowering deductible amount (Ministry of Health et al., 2007).
2.2.2 Data
The household data are extracted from the longitudinal Rural Fixed-point Survey (RFPS) 2003-
2006 and are supplemented by a NCMS survey conducted in 2007. The RFPS include 360
villages in 346 counties, covering 31 provinces. In each village, 20-200 households were ran-
domly selected and revisited every year. Around 20 thousand households were followed. By
using household diaries to record economic activities, information on these rural households’
demography, production and daily life was collected.
The supplementary NCMS survey was conducted by Tsinghua University in April 2007. The
survey randomly selected 150 counties from the 346 counties covered by the RFPS. To ensure
a sample of households with positive health spending, it over sampled these households. It first
ranked households according to their total health expenditure between 2003 and 2006, and then
randomly selected 80% households from the top 1/3 and 50% from the rest 2/3. The final sample
consists of 22034 individuals of 5492 households from 142 counties.
Individuals in two samples are matched across year by household id, age, gender and ed-
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ucation level.3 3163 rural households4 from 133 counties in 23 provinces have at least one
household member matched each year from 2003 to 2007. By excluding the households holding
other types of insurance in 2007 from analysis, we have 2447 households from 120 counties in
23 provinces in our final sample. The reason of excluding the households with other insurance
in 2007 is that the household’s participation in other health insurance between 2003 and 2006 is
uncertain. If household participation pattern of other insurance is increasing by year, including
households who had other insurance in 2007 in our sample but failing to control for their insur-
ance status would upward bias the effect of joining the NCMS. By excluding these households,
the possibility of over-estimating the effect of the NCMS is removed. However, if the partici-
pation pattern of other insurance is decreasing by year (crowded out by the NCMS), the effect
of the NCMS is likely to be under-estimated. Excluding the households with other insurance in
2007 cannot rule out the possibility of under-estimating the effect.
Table 2.1 reports the summary statistics of sample counties. County statistics are from Cen-
sus 2000 and provincial statistical yearbooks. Only the GDP per capita is yearly. Table 2.2
presents the summary statistics of key household level variables by year. Each year, about 35%
households did not report their medical expenditure. Among those who reported their expen-
diture, per capita expenditure kept increasing throughout the entire sample period. Percentage
of households from NCMS counties increased over time and was higher than the percentage of
households in NCMS, which increased from 4.4% to 66.5% within 4 years. Number of elderly in
household, household maximal education, percentage of households living in an apartment, per-
centage of household with non-farm worker, housing price per capita, household expenditure per
capita, household income per capita all increased over time. However, the variation over time
was small in household size, percentage of households with cadre, percentage of households
with party member, housing floor area per capita, and ratio of health expenditure and income.
The exact launching date of NCMS in each county is collected from the 2007 NCMS survey
and the progress reports published by each county NCMS office. To consider a county as a
NCMS county, the county must have piloted the NCMS for at least a half year. The NCMS
participation history of each household was collected in 2007, from which we can deduce their
NCMS status from 2003 to 2007. For households from counties that joined the NCMS by 2007,
whether the households joined immediately or not is available. However, the health expenditure
of all households in 2007 is unknown. Table 2.3 shows the participation pattern of counties and
households. Only 7 counties joined the NCMS in 2003, and by 2007, all 120 counties have
joined. Most of the households joined the NCMS immediately once it became available in their
county. The first year participation rate increased from 72% in 2003 to 88% in 2007.
3Household id and individual id can be inconsistent across years as stated in the codebook of the RFPS.
4Households with every member holding rural Hukou are considered as rural households.
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The unit of analysis is a household-year. We use the year as the time frame because both the
participation in the NCMS and reimbursement have an annual limit. The household is used as
the unit of observation because a household can either enroll all members or none of them in the
NCMS and the decision on health care expenditure is generally made by a household as a whole
unit.
The outcome variable used in our analysis is household total annual medical treatment fee
per capita, collected each year from 2003 to 2006 by the RFPS. Total annual medical treatment
fee includes the sum of direct payments for medical treatments in a given year, including both
out-of-pocket payments and reimbursements from insurance sources. Expenses on medicine are
not part of total annual medical treatment fee.
In the supplementary 2007 NCMS survey, each member of the households were asked to re-
call the individual health expenditure occurred between 2003 and 2006. If the individual annual
health expenditure was over 300 yuan, the details of the expenditure were recorded. Our analy-
sis relies on the health expenditure data from the RFPS for two reasons. First, more households
reported health expenditure than that in the supplementary NCMS, though each year around
35% of the households did not report (see in Table 2.2). Second, the correlation coefficient of
household annual medical treatment fee from the RFPS and recalled total health expenditure ag-
gregated from the supplementary NCMS survey5 is high, from 0.314 in 2003 to 0.714 in 2006.
It not only indicates that the data quality of the RFPS is reasonable, but also reflects the fact that
people can remember the recent expenditure better than that occurred years before.
2.3 Model
The utility function of the household is U = U(c, h), where c is consumption goods and h is
health stock. Assume U1 > 0, U2 > 0, U11 < 0, U22 < 0, U12 ≡ U21 ≡ 0. Household income
is represented by y. With probability p, the household will be in sick state, and health stock
will drop to (1 − α)h, where α is the magnitude of health shock, 0 < α < 1. To recover, the
household needs to purchase health care x. With probability (1 − p) the household will be in
healthy state, and no health care is needed. The health insurance premium is m for all households
and coinsurance rate is r. To maximize utility, the insured households take the premium as fixed.
The cost of moral hazard in health care consumption is fixed.
Expected utility of insured households is
EBU = pU(y − m − rx, (1 − α)h + x) + (1 − p)U(y − m, h).
5The correlation coefficient is calculated based on the RFPS records and the NCMS survey records of the house-
holds that had any member whose recalled annual health expenditure was over 300 yuan.
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Expected utility of uninsured households is
ENU = pU(y − x, (1 − α)h + x) + (1 − p)U(y, h).
Each household has to make two decisions:
First, how much to spend on health care when sick. Given m and r, the optimal spending on
health care of insured households, x∗, is determined by y, h and α. First order condition:
U1(y − m − rx∗, (1 − α)h + x∗)(−r) + U2(y − m − rx∗, (1 − α)h + x∗) = 0,


















The optimal health expenditure of the insured would be higher if the lower their initial health
stock, the larger the health shock, or the higher the household income.













The higher the insurance premium or the higher the coinsurance rate, the lower the optimal
health expenditure of the insured.
The optimal spending on health care for the uninsured, xo, is determined by y, h and α. First
order condition:
−U1(y − xo, (1 − α)h + xo) + U2(y − xo, (1 − α)h + xo) = 0,



















The initial level of health stock, the size of health shock and the level of household income have
similar effects on optimal health expenditure for the uninsured.
Second, whether purchasing the health insurance depends on (EU∗ − EUo). Households are
likely to be insured when m and r are low,
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But how y, h, or α would affect the decision making is uncertain,
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2)(1 − p(1 − α)),
∂(EU∗ − EUo)
∂α
= −ph(U∗2 − Uo2).
It is uncertain from the theoretical model that which households are more likely to join the
health insurance. Empirical analysis is needed in order to pin down the factors affecting the
decision making of participation. We can also use the empirical results to check whether the
spending behavior is consistent with the prediction from the theoretical model.
2.4 Identification strategy
The health expenditure, Y , of household i from county c in year t can be expressed as
Yict = Xictβ + φS ict + gi + gc + γt + ǫict, t = 1, . . . ,T, (2.1)
where Yict denotes per capita expenditure on medical treatments, Xict is a vector of explanatory
variables. S ict is a dummy variable of household participation in the NCMS (= 1 if the household
was in the NCMS in year t, and = 0 if otherwise). The term gi is a random time-invariant
household component and the term gc is a random time-invariant county component, and γt is
the time component. ǫict is the random error term. The first two error components are introduced
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to parameterize possible within-household and within-county correlation in medical spending.
The coefficient φ is the parameter of primary interest. It captures the effect of joining the NCMS
on a household’s spending on medical treatment. If households with higher gi have a higher
probability of joining the NCMS, then the OLS estimator of φ will overestimate the effect of
joining the program on medical expenditure. Moreover, because counties that joined the NCMS
might differ from these that did not join, S ict might be correlated with gc as well. The biases
caused by the potential correlation between S ict and the two time-invariant error components
can be removed by running a standard household fixed-effects model. However, the estimate
of the fixed-effects models would still be biased if S ict is correlated with ǫict. For instance, if
households who experienced a negative health shock are more likely to join the NCMS, that
is cov(S ict, ǫict) > 0, the estimate from the fixed-effects models would still be biased upwards.
To control for this bias, we propose to use a county’s NCMS status as an instrumental variable
for a household’s decision to join the NCMS. Clearly, a household’s health shock should not
be correlated with a county’s NCMS status. However, because a household can only join the
NCMS if it is available in the county, a county’s NCMS status should have a strong impact on a
household’s NCMS status.
A caveat of using a county’s NCMS status as an instrumental variable is that a county’s
decision of joining the NCMS might not be random. Because the NCMS is partially financed by
the local government, counties with a faster economic growth might have a higher probability
of joining the program. Since health service is a normal good, the growth in expenditures on
medical treatment might be positively correlated with economic growth. If this is the case,
then the changes in county’s NCMS status might still be correlated with the changes in medical
expenditure. The direction of the bias will depend on the correlation between changes in a
county’s NCMS status and changes in its average medical expenditure.
To understand how different factors affect a county’s decision of joining the NCMS, we
regress a county’s NCMS status on a series of county characteristics, such as the distance to the
provincial capital, share of the elderly population (65 and above), adult illiteracy rate, number of
health workers per thousand population, percentage of households whose housing expenditure
is above 50,000 yuan, log of population density, and log of per capita GDP. Except for the log
of per capita GDP, which is available on annual base, all the other variables are only available
for a certain year.6
Table 2.4 reports the estimation results. Counties near provincial capital, with a larger share
of the elderly, or with lower population density are more likely to join the NCMS. Because
the elderly people tend to spend more on medical treatment, these results suggest that counties
6Population density is for the year 2003. Except for the information on GDP and population density, which is
extracted from provincial statistical yearbooks, all the other variables are extracted from the 2000 Census.
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that joined the NCMS before 2007 are likely to have a higher medical expenditure than other
counties. Since the age composition of population can only change gradually, controlling for
county fixed-effects should be able to correct the potential bias introduced by the correlation
between a county’s probability of joining the NCMS and its average medical spending. The log
of per capita GDP also has a positive and significant effect on a county’s probability of joining
the NCMS. It should be noted that economic development affects a county’s NCMS status from
two opposite directions. On the one hand, because the program is co-funded by the local and
the provincial government, the provincial government has an incentive to select richer counties
into the pilot program for funding purpose. On the other hand, since the goal of the program is
to reduce the financial burden of medical treatment in the rural areas, the provincial government
has an incentive to provide the program in poor areas first. Our results suggest that it is the
positive effect that dominates the decision process. This also suggests that we need to control
for log of per capital GDP in the expenditure equation if we want to use county’s NCMS status
as the instrumental variable for household’s decision of joining the NCMS.
Another interesting finding is that the coefficient on the number of health workers per thou-
sand population is not statistically significant. Conditional on the assumption that the number
of health workers is positively correlated with the quality of health service, this finding suggests
that a county’s health service quality does not affect its decision of joining the NCMS.
To examine the impact of a county’s NCMS status on households’ decision of joining the
NCMS, we estimate the following regression,
S ict = Xictπ1 + Nctπ2 + Titπ3 + ηict, (2.2)
where Nct = 1 if the NCMS was available in county c in year t and = 0 if otherwise, and Tit is a
vector of year dummies.
Table 2.5 reports the estimation results. A county’s NCMS status is the single most impor-
tant factor in determining a household’s NCMS status. This is expected given the enrollment
in the first year of the program is above 71% throughout the entire sample period. One para-
doxical result is that the presence of an unhealthy member in 2003 has a negative impact on a
household’s probability of joining the program. We suspect that the negative impact is likely
because these families might subject to a tighter budget constraint than others. These families
might not have enough money to pay the NCMS premium. To check whether the negative effect
is mostly driven by income effect, we include household income directly into the regression in
column (2). Household income indeed has a strong positive effect on the probability of joining
the NCMS. Nevertheless, the coefficient on the “unhealthy family member in 2003” is hardly
changed, which suggests that the lower probability of joining the NCMS is not driven by their
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incomes. Another interpretation of the negative effect is that families with unhealthy members
do not care much about their health. These families might not want to spend much on their
medical treatments. Hence, they have little incentive to join the NCMS as they do not have the
intention to use it in the future. To address this hypothesis, we include family medical expendi-
ture in 2003 as an additional control variable. The coefficient on the 2003 expenditure is very
small and statistically insignificant, suggesting that pre-existing health conditions do not affect
the decision of joining the NCMS. Hence, the lower probability of joining the NCMS for these
households could be due to the lack of information on or trust in the NCMS.
2.5 Results
2.5.1 Reduced form results
If joining the NCMS affects households’ spending on medical treatment, then the average medi-
cal expenditure in counties with NCMS should differ from counties without it. Table 2.6 reports
the regression results from running four OLS models and one 2SLS model.
In column (1), we do not control for any county level characteristics. The results show that a
country’s status has no significant effect on its residents’ medical treatment spending. As argued
in the above section, the estimated effect could be biased by the potential correlation between
a county’s NCMS status and gc of equation (2.1). To shed light on the sign and magnitude of
the bias, we include log of per capita GDP in column (2)-(4), number of health workers per
thousand population in column (3) and proportion of households who spent more than 50,000
yuan per annum in column (4). Interestingly, although the coefficients on these county level
variables are mostly statistically significant, adding these variables in the regressions has little
impact on the coefficient on the dummy of county’s NCMS status. It is -.058 (SE=0.146) in
column (2), -.083 (SE=0.150) in column (3) and -.016 (SE=0.151) in column (4). None of the
coefficients are statistically significant. These results are not surprising given the results reported
in Table 2.4 which show that neither number of health workers per thousand population nor ratio
of households with housing expenditure over 50,000 yuan affects a county’s NCMS status.
It should be noted that although we have included several county characteristics in the re-
gression, we still cannot rule out the possibility that the coefficient on the dummy of a county’s
NCMS status is biased by some unobservable characteristics that affect both the medical expen-
diture and the decision of joining the NCMS. To that end, we use distance to provincial capital
as the instrumental variable for county’s NCMS status. The results in Table 2.4 show that it
has a strong and negative impact on a county’s NCMS status. However, we cannot think about
any reason that distance could be correlated with medical treatment expenditure. The 2SLS es-
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timation results are reported in column (5). Because distance to the provincial capital does not
vary overtime, we cannot include number of health workers and proportion of households who
spent more than 50,000 yuan on housing in the regression. The coefficient on county’s NCMS
status indeed becomes positive, however, due to the large standard error, we still cannot reject
the hypothesis that a county’s NCMS status does not affect its residents’ spending on medical
treatment.
Overall, our results suggest that providing health insurance in rural China does not affect
medical spending at the county level.
2.5.2 Household in NCMS
While the results from the reduced form regressions are informative, they cannot reveal the
impact of joining the NCMS on medical treatment spending at the household level. Because
households who joined the NCMS could behave differently from those who did not, the lack of
response at the county level could be attributed to the fact that the increase in spending by one
group is balanced out by the decrease in spending by the other group. For instance, households
who joined the NCMS might actually spend more on their medical treatment. However, the in-
creased utilization of local medical service might crowd out the spending of households who did
not join the NCMS. To analyze the impact of joining the NCMS on household medical expen-
diture, we regress the household medical expenditure on household’s NCMS status. Table 2.7
reports the regression results. For comparison purpose, we report the results with and without
controlling for the potential endogeneity of a household’s NCMS status.
In the OLS model, although the coefficient on household’s NCMS status is positive, the mag-
nitude of the coefficient is small and not statistically significant. Since it is the households with
more medical expenditures that have a stronger incentive to join the NCMS, the OLS estimate
is likely to upward bias the impact of joining the NCMS on medical expenditure. Controlling
for the potential endogeneity will strengthen our results. Interestingly, except for the coefficient
on the NCMS status, the coefficients on all the other control variables are consistent with the
predictions of economic theory. For instance, having an unhealthy household member or more
elderly persons has a strong and positive impact on medical expenditure, while having a larger
household size or a better educated household member has a negative impact. The negative
impact of household size is likely because people pay less attention to each other’s health con-
ditions inside larger households, which reduces their probability of seeing a doctor when they
are ill. The negative impact of having a better educated household member is due to the positive
correlation between education and healthy living habits. This could also explain the negative
correlation between number of health workers in a county and medial expenditure. Presumably,
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the presence of a large number of health workers promotes the adoption of healthy living style
and might also be able to provide more preventive care to the local population.
To check the importance of the potential bias caused by the correlation between a house-
hold’s NCMS status and household and county fixed-effects, column (2) of Table 2.7 reports
the estimation results after controlling for household fixed-effects. As expected, the coefficient
on the NCMS status becomes even smaller after controlling for household fixed-effects, which
further confirms our early claim that joining the NCMS does not affect medical expenditure.
Due to the lack of over-time variation in household characteristics, the coefficients on most of
the household level variables become insignificant in the fixed-effects model.
To control for the potential correlation between the NCMS status and the time-variant error
term, ǫict, in equation (2.1), column (3) reports the results from the FE-2SLS model where
county’s NCMS status is used as an instrumental variable for household’s NCMS status.7 As
argued in section 2.4, a county’s NCMS status should not be correlated with ǫict after controlling
for log of per capita GDP and household (county) fixed-effects.8 The coefficient on household
in NCMS is still statistically insignificant, which also suggests that a household’s NCMS status
does not affect household medical expenditure.
2.6 Sensitivity analysis
2.6.1 Difference-in-differences with propensity score matching
Besides the fixed-effects and 2SLS approach, another popular way to address the endogene-
ity in the treatment status is difference-in-differences with propensity score matching. In this
approach, treated and untreated observations are matched according to the propensity score of
being treated to adjust the differences in pre-treatment observable characteristics. We focus on
7We show in Table 2.5 that a county’s NCMS status is the single most important factor in determining a house-
hold’s NCMS status. We also conduct the weak identification test. The Cragg-Donald Wald F statistic is much greater
than the 10% maximal IV size. It indicates that the instrumental variable, county in NCMS, leads to the rejection
rate of the Wald test far less than 10% when the true rejection rate is the standard 5%. Thus, the null hypothesis that
county in NCMS is a weak instrumental variable for household in NCMS can be rejected.
8In Table 2.4, we show that counties near provincial capital are more likely to join the NCMS. Unobserved county
characteristics that are correlated with both distance to provincial capital and medical expenditure would challenge
the role of county in NCMS as an instrumental variable in the equation of medical expenditure. As a robustness
check, we need to calculate the correlation coefficients between county distance to provincial capital and variables
that would affect household medical expenditure but not county decision of joining the NCMS. Due to the data
constraint, the only time-variant county variable is log of per capita GDP, which is controlled for in both county
decision equation and expenditure equation. County non-farm employment rate based on records from surveyed
villages is calculated. As only one to two villages per county were surveyed in the 2007 NCMS survey, this non-farm
employment rate might be a poor indicator of county rate. The correlation coefficients are fairly stable over time,
highest in 2003, -0.174, and lowest in 2004, -.130. Hence, county in NCMS is unlikely to be correlated with ǫict in
the equation of medical expenditure.
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the households living in counties where the NCMS was not available in 2003. The reason for
doing so is that we cannot observe the medical expenditure before the NCMS was available for
households living in counties where the NCMS was introduced at the start of the survey year.
For these households, we cannot identify how changes in their NCMS status will affect their
medical expenditure as we do not observe their medical expenditure before joining the NCMS.
For each year between 2004 and 2006, we match households who were in the NCMS with sim-
ilar households living in counties without the NCMS.9 The reason for not matching households
insured by the NCMS with uninsured households living in the same county is that the differ-
ence in unobservable characteristics between these two types of households might affect both
the decision of joining the program and of how much to spend on medical treatments. 5-nearest
neighbors matching with caliper 0.001 is employed for each matching. Common support is im-
posed on the data, hence, observations in the treatment group whose propensity score is higher
than the maximum or less than the minimum propensity score of the controls are dropped from
the sample. Table 2.8 reports the numbers of households matched and dropped. As more and
more counties joined the NCMS, more households are in the NCMS and fewer are from coun-
ties without the NCMS. As a result, although the number of households covered by the NCMS
increased over time, the number of households who can be matched actually declined.
Table 2.9 reports the means of the control variables of the matched sample by treatment sta-
tus. The statistics show that all three samples are well balanced. We cannot reject the hypothesis
that the means of all the control variables of the treated sample are the same as that of their coun-
terparts of the untreated sample in both 2004 and 2005. The hypothesis can only be rejected for
per capita housing floor area and the number of health workers per thousand population in 2006.
The difference in the floor area suggests that the treated group had a slightly larger living space
while the difference in the number of health workers shows that households of the treated group
enjoyed a slightly weaker health care system than those of the untreated group in 2006.
Table 2.10 reports the estimation results using the matched sample. We first focus our anal-
ysis on the effect of joining the NCMS on health expenditure between two years. The advantage
of this approach is that the composition of treatment group and control group does not change
over time. In contrast, since there are always some new households joining the NCMS, the
composition of the treatment group and control group differs from year to year. While chang-
ing the composition should not affect the estimation results if the treatment effect is the same
for every household, it will affect our results if there is a great heterogeneity in the treatment
effect. The disadvantage of running regression using a two-year sample is that the estimate is
less efficient than that from a pooled sample. Consistent with the results reported in Tables 2.6
9Both treated and untreated households had non-missing household total health expenditure. By dropping those
who did not report expenditure, we make sure the consistency of the sample used for matching and for regression.
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and 2.7, the estimates from the matched samples also suggest that joining the NCMS does not
affect households’ medical expenditure. The results from the pooled regression reveal the same
conclusion.10
2.6.2 Missing reported health expenditure
In our previous analysis, we excluded all households whose health expenditure was missing.
Doing so does not affect our estimation results if health expenditures are randomly missing. We
use the approach developed by Semykina and Wooldridge (2010) to test this assumption. To
conduct the test, we need at least one exogenous variable that is correlated with the probability
of not reporting health expenditure but is not correlated with the outcome variable. We use
School fee missing dummy and Travel expense missing dummy for that purpose. In the RFPS
questionnaire, similar to the question of health expenditure, both school fee and travel expense
are listed as sub-items and are close to each other in the question list. It is likely that households
who did not report their health expenditure would be also less likely to report school fee or travel
expense. Presumably, spending on health care is unlikely to be correlated with the probability
of skipping the questions on school fee and travel expense.11
Regression results are reported in Table 2.11. The hypothesis test based on column (1)
shows that the health expenditure is not randomly missing, hence the estimate needs to be ad-
justed. However, the FE-2SLS estimator is inconsistent if the errors in the selection equation are
serially correlated, which is likely to be true. 2SLS model is used to obtain the adjusted estimate
of the NCMS effect and the results are reported in column (2). The estimate of household join-
ing the NCMS is negative and insignificant. Unobserved time-invariant household effects and
county effects are not controlled for. If these unobserved time-invariant effects that are positively
correlated with household in NCMS have positive effect on health expenditure, the effect would
be over-estimated. Hence, we can conclude that joining the NCMS does not raise household
health expenditure.
Alternatively, we try to utilize the observations from the households who had multiple
records of health expenditure between 2003 and 2006. To exclude the households whose re-
porting of the health expenditure depends on the NCMS participation status, we choose the
households that either reported health expenditure at least once before and after they joined the
10In each separate matching, only households with non-missing health expenditure in both years are included.
Hence, running pooled regression on households who are on support in each matching is actually running on the
sample of households who had non-missing health expenditure from 2003 to 2006.
11To obtain the inverse Mills ratio, probit model is applied to the selection of missing health expenditure. In 2003
and 2006 regressions, the estimated coefficients of travel expenditure missing are negative and significant at 1%,
and in 2005 regression, it is significant at 5%. In 2006 regression, the estimated coefficient of school fee missing is
negative and significant at 1%.
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NCMS, or reported at least twice if they never joined or were always in the NCMS in that pe-
riod. Column (1) of Table 2.12 reports the results from the narrowed sample. Still, there is no
evidence that households spend more on health after joined the NCMS.
2.6.3 Income level
Because the NCMS is aimed to cover household catastrophic health expenditures, its impact
could vary with household income. For example, being covered might enable low income house-
holds to consume medical treatment they may otherwise not be able to purchase. On the other
hand, high income households may spend more if they get better access to health facilities, but
may not change the spending if the service range covered by the NCMS is limited.
To address this issue, we split the sample into two income groups, high-income and low-
income, by household real annual income per capita. Because household spending behavior
depends on the household’s permanent income, we first calculate the average real income per
capita (CPI-adjusted) over the entire sample period for each household. Then we use this income
to construct the median income for each county.12 Finally, all households whose average real
income in 2003 is above its county median are categorized into one group and the others into
another group. We run regressions for the low-income group and high-income group separately.
Results reported in column (2) and (3) of Table 2.12 show that joining the NCMS has no
significant effect on health expenditure for both high-income and low-income households. In
addition, we cannot reject the null hypothesis that joining the NCMS affects low-income and
high-income groups equally.13 It indicates that there is no difference in the NCMS effect across
income levels.
2.6.4 Health status
Households with unhealthy members are likely to benefit more from the NCMS, but they are
less likely to join early once the NCMS is available according to the household timing of joining
the NCMS (Table 2.5). As a result, the NCMS effect would be larger if these households shared
similar probability of joining the NCMS as other households.
12One concern with the 4-year average real income is that household income can change with household NCMS
status. Household income before 2003, the year the NCMS was first launched, is not available. We may use household
CPI-adjusted income per capita in 2003 instead to calculate the county median household income, as only 7 out of
120 counties joined the NCMS in 2003 and households in the NCMS in 2003 had been covered by the NCMS for
less than one year by the time their yearly income were recorded. Our results are not affected by using the 2003
household income.
13To test the null hypothesis, we run a regression on the pooled sample of low-income and high-income households
with the interaction between low-income indicator and household NCMS status controlled for. P-value for the test is
0.640, so we cannot reject the null hypothesis.
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In the RFPS, each household member is asked to self-evaluate his/her health status among
five values: excellent, good, fair, bad and disabled. We group the individuals who reported bad
or disabled as unhealthy.14
Each year, less than 400 households reported to have any unhealthy member. We run re-
gressions on the households that had ever reported having any unhealthy member in the sample
period and report the results in column (4) of Table 2.12. The NCMS is not found to affect the
health expenditure of households with any unhealthy member.
2.6.5 Household size
Households may experience structural changes between 2003 and 2006 due to household mem-
ber joining or leaving, such as marriage, birth or death. These changes might be correlated
with the NCMS. For instance, if joining the NCMS reduces the out-of-pocket price for hospital-
ization, it will affect the household composition by prolonging the life of unhealthy household
members. To minimize the impact of changes in household composition on our estimation re-
sults, we restrict our analysis to households for whom the change in household size over the
entire sample period is less than two.
Column (5) of Table 2.12 reports the regression results. The NCMS effect on health ex-
penditure is not significant even when the households with large change in household size are
dropped. Hence, our results are unlikely to be affected by large change in household size over
time.
2.6.6 Evaluation of NCMS
In 2007 NCMS survey, households in NCMS counties that had joined by 2007 are asked to
evaluate the NCMS in terms of the whole program (good, fair, bad and uncertain), reimburse-
ment procedure (simple, complicated and uncertain) and reimbursement range (proper, narrow
and uncertain). Table 2.13 gives the summary of the feedback. Around 76% of the households
rated the NCMS as not bad, but less than 30% thought the procedure was easy and less than
20% thought the range was proper. It indicates the effect of the NCMS may be hampered by
complicated reimbursement procedure or inadequate reimbursement range.
Households who rated the NCMS high in 2007 might understand the insurance terms better
or benefit more from the program. For these households, the estimated effect of the NCMS
would be higher than that from the households who rated the NCMS low or did not rate at all.
14Alternatively, we also group those who reported fair as unhealthy. Similar results are reached by using this
definition of health.
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Column (6) of Table 2.12 reports the regression results for households who evaluated the NCMS
as good in 2007. Still, no effect of NCMS on health expenditure can be found.
Households from the villages that many villagers rated NCMS high would benefit more from
the NCMS, as the reputation of the program is built up by good experience of neighbors in the
NCMS, and households may be attracted by the reputation of the NCMS and thus expect more
from the program. We take the median of household evaluation of the NCMS in one village as
the village evaluation of the NCMS, though the median may not be a good measure due to the
small sample size in one village. The regression results from the households in the villages with
median evaluation being “Good” show that there is no evidence that joining the NCMS in these
villages will affect the household health expenditure. The regression results are available upon
request from the authors.
2.6.7 Continuously insured participators
Characteristics of participators who have interrupted insurance coverage could differ from those
of continuously insured or continuously uninsured participators (Ward and Franks, 2007). If the
households that joined and quit the NCMS or those that did not join the NCMS immediately
were not keen to health insurance as they were not in urgent need of health care, the estimated
effect of joining the NCMS using the pooled sample would be under-estimated. In the following
subsections, we discussed the cases of non-transient participators and immediate participators
separately. While whether households joined the NCMS immediately or not can be measured
precisely based on their NCMS status when their county joined the NCMS, only households that
joined and exited the NCMS and were from counties that joined the NCMS before 2006 can be
grouped as transient participators. Hence, the results from non-transient participators should be
interpreted with caution.
Non-transient participators
To test for transitory demand effects (Metcalf, 1973; Manning et al., 1988), we look at the
households that joined the NCMS and never exited with those transient participators that joined
and exited. Among 2447 households that had at least one member matched from 2003 to 2007,
there are 144 households who joined the NCMS and quit after staying in the program for at
least one year, accounting for 6% of the sampled households. The health care seeking behavior
of these transient participators may be different from others, as they might quit the program
because the benefits they received from the NCMS was too low. Including these households in
our analysis may result in the NCMS effect under-estimated. Column (7) of Table 2.12 reports




Each year between 2003 and 2006, 70-90% of the households joined the NCMS immediately
once their county joined the NCMS, and the rest may hesitate for a few years before joining.
Compared with those that did not join the NCMS immediately, it is likely that households that
joined immediately were in urgent need of health care and hence they would spend more on
health care once insured. To check whether it is the case, we run regressions for immediate
participators separately. Results are reported in column (8) of Table 2.12. No significant effect
of joining the NCMS is found. It suggests that the participation timing does not affect the
spending on health care.
2.6.8 Price of health care
No evidence of change in total health expenditure after enrolling in the NCMS is detected in
our study. As health expenditure depends on the price of health care, the above finding may
result from lower price of health care after the introduction of NCMS. In 2007 NCMS survey,
the expense of consulting doctor for cold was collected at household level.
Table 2.14 reports regression results from OLS model. It is shown that for a household in a
given province, whether the county was in the NCMS in 2006 or the timing of county joining
the NCMS does not affect the expenditure on cold, except that households from counties that
joined in 2007 may spend more. It is also shown that in a given county, whether the household
was in the NCMS in 2006 or the timing of household joining the NCMS does not affect the
expenditure on cold, everything else being equal. It implies that household expenditure on cold
is not affected by household or county NCMS participation status and the above finding that
health expenditure does not change after joining the NCMS is unlikely to be driven by lower
cost of health care.
2.6.9 Choice of birth place and birth expenditure
As health care utilization is not reported in the RFPS, the relationship between NCMS status and
utilization of health care is uncertain. To shed some light, we examine the effect of NCMS on the
choice of birth place and birth expenditure. The 2007 NCMS survey collected the birth history of
15-49 year-old ever married women who have ever given birth to a child since January 1, 2003.
Similar to our main sample, only women from households not covered by any health insurance
in 2007 were included. In total, we have 141 birth records. 113 out of 141 births were given
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in a hospital. For these 113 births, days in hospital, total birth expenditure and reimbursement
details were recorded. As the NCMS policy varies across counties, the reimbursement of birth
expenditure differs. As a result, household joining the NCMS does not necessarily mean the birth
expenditure could be reimbursed. In our sample, 33 of 113 births were from NCMS households
and only 12 out of 33 reported getting birth expenditure reimbursed by the NCMS. Hence, we
examine the effect of joining the NCMS and the effect of NCMS reimbursement15 separately for
these 113 births.
We run the regressions with province fixed-effects controlled for, as county fixed-effects
may degenerate to individual fixed-effects due to the small sample size. If counties where most
women choose to give birth in a hospital or counties where the birth expenditure is high are
more likely to join the NCMS, the effect of joining the NCMS or NCMS reimbursement would
be over-estimated. Regression results are reported in Table 2.15. The outcome variables, choice
of birth place and days in hospital, measure the health care utilization. There is no evidence
that joining the NCMS changes the choice of birth place (column (1)). In terms of days in
hospital, the effect of joining the NCMS is positive and significant at 5% level (column(2)).
When NCMS reimbursement is controlled for, the effect becomes negative and significant at 1%
level (column(3)). The estimates are upward biased, however, they suggest that days in hospital
might be cut down when the woman is covered by the NCMS.
Joining the NCMS is found to raise both total birth expenditure (column (4)) and out-of-
pocket expenditure (column (6)) significantly. But when NCMS reimbursement is controlled
for instead, the effect becomes insignificant (column (5) and (7)). While we cannot conclude
whether birth behavior is affected by the NCMS or not due to the constraint of sample size,
joining the NCMS and NCMS reimbursement are found to play different roles. Thus, careful
examination on the NCMS clauses is needed in future study.
2.7 Conclusion
In this paper, we study the impact of joining the NCMS on household total health expenditure
in rural China. Household total health expenditure is measured by annual household medical
treatment fee per capita. We find that household joining the NCMS does not affect household’s
total health expenditure.
The endogeneity of household’s NCMS status is examined. Household’s NCMS status can
be correlated with household or county time-invariant effects, for instance, households with more
15Here NCMS reimbursement is equal to 1 if the birth expenditure of a NCMS household got reimbursed by the
NCMS, and equal to 0 if the woman was not from a NCMS household or birth expenditure was not covered by the
NCMS.
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spending on health tend to join the NCMS, which would upward bias the estimate. By applying
household FE model, both household time-invariant effects and county time-invariant effects are
canceled out. However, the estimate is still biased if households were likely to join the NCMS
when they were hit by a health shock. The positive correlation between household’s status
in NCMS and the probability of health shock would overestimate the effect. An instrumental
variable which is correlated with household in NCMS and uncorrelated with household health
expenditure is needed to obtain an unbiased estimate. One of the candidates is county’s NCMS
status. Using county in NCMS as the instrumental variable for household in NCMS in the FE-
2SLS model, we still cannot detect any effect of household joining the NCMS on household
total health expenditure.
In Section 2.2, we discussed the sample extraction for our analysis. By excluding households
holding other insurance in 2007, we still cannot rule out the possibility of underestimating the
NCMS effect. Since merely 11.4% of rural households were insured except the CMS in 2003
(Ministry of Health, 2004) and the number dropped by only 1.6% to 9.8% in 2008 although
the overall insurance coverage had reached 93.1% (Ministry of Health, 2009), the crowding out
effect is unlikely to confound the estimate of NCMS effect.
The NCMS is aimed to safeguard rural households against catastrophic disease. However,
previous studies do not find any significant effect of NCMS on out-of-pocket expenditure, and
our study on total health expenditure does not find any effect either. It can be attributed to two
reasons. First, procedures to get reimbursement are complicated and health facility accessibility
are weak, both of which would hamper the NCMS effect. Second, due to the concern of the
overwhelming medical expense when households are insured by the NCMS, the insurance range,
coinsurance rate and ceiling are conservatively set by the policy maker. As a result, the degree
of flexibility under the NCMS is limited, and it is improbable for the rural households or health
care workers to abuse the insurance clauses. Hence, it is not surprising that the NCMS has no
significant effect on out-of-pocket or total health expenditure of the insured. On the one hand,
the rigorous management of the NCMS can prevent rural households and health care workers
from overconsuming health care and secure the sustainability of the scheme. On the other hand,
it would lead to insufficient protection for rural households against catastrophic disease. The
fact that the NCMS clauses vary from county to county and the insurance range widens year by
year makes it possible to find a balancing point. Further investigation is needed to adjust the
policy accordingly and to make it more effective while remaining sustainable.
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Table 2.1: Summary statistics of county variables
Variable mean/sd
Census 2000
Distance to provincial capital (km) 176.65
(106.27)
Ratio of aged 65+ .07
(.015)
Ratio of Han population .89
(.231)
Ratio of illiterates among aged 15+ .093
(.045)
Number of health care workers in per thousand population 4.696
(1.767)
Non-farm employment rate .206
(.114)
Ratio of housing expense ≥ 50, 000 yuan .065
(.086)
Provincial statistical yearbook
Log(GDP per capita (yuan)) 8.808
(.631)




Table 2.2: Summary statistics of household variables
Variable 2003 2004 2005 2006
Household total medical treatment fee per capita 176.461 262.19 289.539 297.315
(671.112) (1050.92) (951.265) (1005.224)
-non-missing .647 .629 .658 .629
(.478) (.483) (.475) (.483)
Household in NCMS .044 .195 .34 .665
(.205) (.396) (.474) (.472)
County in NCMS .06 .248 .404 .729
(.237) (.432) (.491) (.444)
Number of the elderly in household .273 .279 .306 .319
(.562) (.571) (.596) (.608)
Household size 4.061 4.045 4.051 4.029
(1.388) (1.388) (1.428) (1.472)
Household maximal education 8.212 8.303 8.464 8.97
(2.375) (2.349) (2.45) (14.352)
Household non-farm .612 .627 .644 .653
(.487) (.484) (.479) (.476)
Any cadre in household .058 .058 .055 .051
(.234) (.233) (.228) (.22)
Any party member in household .145 .146 .147 .145
(.352) (.353) (.354) (.352)
Housing floor area per capita (sq.m.) 34.047 34.529 34.942 35.726
(26.848) (26.703) (27.56) (28.665)
Household living in an apartment .327 .341 .356 .369
(.469) (.474) (.479) (.483)
Housing price per capita 5375.15 5865.456 6192.166 6811.122
(6803.828) (7557.974) (8320.163) (10651.89)
Household expenditure per capita 2282.042 2509.455 3072.22 3336.608
(3032.206) (3101.308) (6034.018) (6741.689)
Household income per capita 3223.575 3770.358 4220.2 4724.095
(3530.96) (3876.38) (4916.101) (6858.385)
Ratio of health expenditure and income .064 .093 .269 .099
(.177) (.467) (6.822) (.536)
N 2447 2447 2447 2447
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Table 2.3: County and household participation pattern
County Percentage of households joining NCMS
starting year No. 2003 2004 2005 2006 2007 . Total
2003 7 71.92 17.12 8.22 1.37 0.00 1.37 100.00
2004 25 72.94 12.12 6.71 0.87 7.36 100.00
2005 18 73.95 5.53 5.53 15.00 100.00
2006 41 86.95 5.02 8.03 100.00
2007 29 88.22 11.78 100.00
Total 120 4.29 14.79 14.26 30.53 26.52 9.60 100.00
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Table 2.4: Determinants of county in NCMS




Distance to provincial capital (1000km) -.602∗∗
(.250)
Sex ratio ×100 .006
(.008)
Ratio of aged 65+ ×100 .071∗∗
(.034)
Ratio of Han population ×100 .0002
(.001)
Ratio of illiterates among aged 15+ ×100 -.002
(.007)
Number of health workers per thousand population -.014
(.024)
Ratio of housing expense ≥ 50, 000 yuan ×100 -.005
(.005)
Provincial statistical yearbook
Log(GDP per capita (yuan)) .123∗
(.067)









Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at province level.
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Table 2.5: Determinants of household in NCMS
Dep. var. 1 if household in NCMS
Method OLS OLS OLS
(1) (2) (3)
Household
Number of the elderly in household .001 .003 .008
(.004) (.004) (.005)
Household size .002 .002 .002
(.002) (.002) (.002)
Household maximal education .0001 .00004 .00005
(.0002) (.0002) (.0001)
Housing floor area per capita (sq.m.) .0003∗ .0002 .0003∗
(.0002) (.0002) (.0002)
Household non-farm -.008 -.012∗ -.012
(.007) (.007) (.009)
Any unhealthy family member in 2003 -.035∗∗∗ -.034∗∗∗ -.026∗∗∗
(.011) (.011) (.009)
Any party member in household .014∗ .012∗ .013∗
(.007) (.007) (.007)
Log(household annual income per capita) .014∗∗∗ .013∗∗
(.006) (.006)
Log(household total medical treatment fee per capita in 2003) .002
(.002)
County
County in NCMS .856∗∗∗ .856∗∗∗ .831∗∗∗
(.033) (.033) (.036)
Log(GDP per capita (yuan)) .001 -.003 .049∗
(.025) (.025) (.025)
Const. -.006 -.069 -.550∗∗
(.234) (.240) (.246)
Province dummies Yes Yes Yes
Year dummies Yes Yes Yes
Obs. 9462 9449 6092
R2 .826 .826 .821
Adjusted R2 .825 .825 .82
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at county level.
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Table 2.6: Effect of county in NCMS on household total health expenditure
Dep. var. Log(household total medical treatment fee per capita)
Method OLS OLS OLS OLS 2SLS
(1) (2) (3) (4) (5)
Household
Any unhealthy family member in 2003 .408∗∗∗ .396∗∗∗ .423∗∗∗ .377∗∗∗ .419∗∗∗
(.086) (.084) (.085) (.083) (.108)
Household non-farm .153∗∗ .094 .121∗ .089 .109
(.074) (.074) (.073) (.073) (.079)
Number of the elderly in household .108∗∗∗ .105∗∗∗ .102∗∗∗ .103∗∗∗ .108∗∗∗
(.038) (.038) (.037) (.037) (.038)
Household size -.098∗∗∗ -.093∗∗∗ -.098∗∗∗ -.095∗∗∗ -.098∗∗∗
(.024) (.023) (.023) (.023) (.023)
Household maximal education -.008∗∗∗ -.008∗∗∗ -.007∗∗∗ -.008∗∗∗ -.007∗∗∗
(.001) (.001) (.001) (.001) (.002)
Housing floor area per capita (sq.m.) .004∗∗∗ .004∗∗∗ .004∗∗∗ .003∗∗ .004∗∗
(.001) (.001) (.001) (.001) (.001)
County
County in NCMS -.008 -.058 -.083 -.016 .448
(.148) (.146) (.150) (.151) (.968)
Log(GDP per capita (yuan)) .371∗∗∗ .474∗∗∗ .185 .322∗∗
(.103) (.125) (.121) (.139)
Number of health workers per thousand population -.111∗∗∗
(.038)
Ratio of housing expense ≥ 50, 000 yuan 2.670∗∗
(1.317)
Year 2004 .331∗∗∗ .286∗∗∗ .269∗∗∗ .305∗∗∗ .205
(.067) (.069) (.071) (.069) (.172)
Year 2005 .508∗∗∗ .433∗∗∗ .394∗∗∗ .470∗∗∗ .276
(.086) (.093) (.097) (.093) (.316)
Year 2006 .539∗∗∗ .426∗∗∗ .382∗∗ .469∗∗∗ .115
(.150) (.163) (.167) (.167) (.625)
Const. 4.448∗∗∗ 1.082 .587 2.638∗∗ 1.572
(.194) (.959) (1.055) (1.086) (1.295)
Province dummies Yes Yes Yes Yes Yes
Obs. 6166 6166 6166 6166 6166
R2 .127 .137 .146 .142 .123
Adjusted R2 .123 .133 .141 .137 .119
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Distance to provincial capital is used as an instrumental variable for county in NCMS in 2SLS model. Standard errors
in parentheses are clustered at county level.
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Table 2.7: Effect of household in NCMS on household total health expenditure
Dep. var. Log(household total medical treatment fee per capita)
Method OLS FE FE-2SLS
(1) (2) (3)
Household
Household in NCMS .060 .017 -.066
(.137) (.121) (.068)
Any unhealthy family member in 2003 .429∗∗∗
(.085)
Household non-farm .118 .001 .004
(.074) (.061) (.070)
Number of the elderly in household .095∗∗∗ .007 .010
(.036) (.102) (.083)
Household size -.102∗∗∗ -.038 -.036
(.022) (.036) (.037)
Household maximal education -.008∗∗∗ -.007∗∗∗ -.007∗∗∗
(.001) (.001) (.002)
Housing floor area per capita (sq.m.) .004∗∗∗ .002 .002
(.001) (.002) (.002)
County
Log(GDP per capita (yuan)) .480∗∗∗ .591 .580∗∗∗
(.136) (.373) (.167)
Number of health workers per thousand population -.112∗∗∗
(.041)
Year 2004 .079 .188∗∗ .201∗∗∗
(.152) (.078) (.051)
Year 2005 .334∗ .267∗∗ .293∗∗∗
(.195) (.119) (.067)
Year 2006 .313 .229 .282∗∗∗
(.214) (.207) (.094)
Const. .620 -1.003 -.911
(1.164) (3.268) (1.467)
Province-year dummies Yes
Household fixed-effects Yes Yes
Obs. 6061 6061 6061
R2 .173 .042 .042
Adjusted R2 .159 .04
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
County in NCMS is used as an instrumental variable for household in NCMS in FE-2SLS model. Standard errors in
parentheses are clustered at county level in OLS and FE models, and are conventional in FE-2SLS model.
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Table 2.8: Households on support and off support for each matching
Matching year 2003, 2004 2003, 2005 2003, 2006
(1) (2) (3)
Households on support 1018 958 721
Treated on support 110 234 359
Untreated on support 908 724 362
Treated off support 35 68 247
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Table 2.9: Balancing test after propensity score matching
Variable mean mean mean
treated control t p treated control t p treated control t p
Any unhealthy family member in 2003 0.13 0.11 0.42 0.67 0.14 0.15 -0.32 0.75 0.14 0.18 -1.41 0.16
Household non-farm 0.63 0.62 0.11 0.91 0.61 0.63 -0.33 0.74 0.54 0.52 0.46 0.65
Number of the elderly in household 0.31 0.23 1.06 0.29 0.32 0.33 -0.17 0.86 0.30 0.34 -1.02 0.31
Household size 3.97 3.79 1.00 0.32 4.09 4.10 -0.11 0.91 4.18 4.15 0.33 0.74
Household size2 17.75 15.97 1.10 0.27 18.64 18.58 0.05 0.96 19.57 19.07 0.51 0.61
Household maximal education 8.37 8.41 -0.10 0.92 8.38 8.44 -0.30 0.76 8.23 8.32 -0.53 0.59
Housing floor area per capita (sq.m.) 36.31 35.27 0.30 0.76 33.94 32.88 0.47 0.64 32.99 29.73 2.23 0.03
Any party member in household 0.20 0.19 0.14 0.89 0.17 0.17 -0.02 0.99 0.16 0.20 -1.43 0.15
Log(GDP per capita (yuan)) in 2003 8.96 8.92 0.69 0.49 8.83 8.83 0.04 0.97 8.78 8.76 0.59 0.55
Number of health workers per thousand population 4.79 4.61 0.92 0.36 4.84 4.86 -0.15 0.88 4.49 4.89 -3.43 0.00
Midwest China 0.64 0.57 0.95 0.34 0.67 0.66 0.18 0.86 0.70 0.74 -1.00 0.32
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Table 2.10: Effect of household in NCMS using the regression adjusted matching
Matching year 2003, 2004 2003, 2005 2003, 2006 Pooled
Method FE FE FE FE
(1) (2) (3) (4)
Household
Household in NCMS -.048 -.143 .181 .063
(.400) (.226) (.233) (.127)
Household non-farm .140 .117 .052 .024
(.123) (.136) (.139) (.083)
Number of the elderly in household .124 .204 -.006 .065
(.180) (.161) (.231) (.138)
Household size .034 -.132∗ .007 -.008
(.079) (.078) (.084) (.051)
Household maximal education -.048 -.044 -.006∗∗∗ -.008∗∗∗
(.034) (.044) (.001) (.0002)
Housing floor area per capita (sq.m.) .001 .004 .001 .006
(.003) (.003) (.006) (.004)
County
Log(GDP per capita (yuan)) -.170 .485 1.032∗ .282
(.855) (.415) (.557) (.361)
Year 2004 .290∗∗ .281∗∗∗
(.133) (.078)
Year 2005 .426∗∗∗ .420∗∗∗
(.120) (.112)
Year 2006 .036 .409∗∗
(.350) (.187)
Const. 5.565 .394 -5.045 1.397
(7.424) (3.511) (4.829) (3.018)
Obs. 2029 1907 1437 2184
R2 .035 .115 .112 .075
Adjusted R2 .031 .112 .107 .071
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at county level.
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Household in NCMS -.208∗∗∗ -.296
(.074) (.192)
Any unhealthy family member in 2003 .454∗∗∗
(.099)
Household non-farm -.041 -.063
(.071) (.068)
Number of the elderly in household -.038 -.181∗
(.084) (.106)
Household size .007 .074
(.039) (.051)
Household maximal education -.007∗∗∗ -.007∗∗∗
(.002) (.001)
Housing floor area per capita (sq.m.) .003 .005∗∗
(.002) (.002)
County
Log(GDP per capita (yuan)) .536∗∗∗ .472
(.169) (.377)




Year 2004 ×λ .123 .330
(.229) (.331)
Year 2005 ×λ .246 .198
(.239) (.367)
Year 2006 ×λ .291 .108
(.238) (.488)
Year 2004 .135 .085
(.132) (.184)
Year 2005 .226 .386∗
(.138) (.215)










Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are conventional in FE-2SLS model and clustered at county level in 2SLS model.
Coefficients of λ, Year 2004 ×λ, Year 2005 ×λ and Year 2006 ×λ are ρ1, ρ2, ρ3 and ρ4, respectively. Selection test
based on column (1):
ρ1 = 0 χ2(1) = 11.67 Prob > χ2 = 0.0006
ρ1 + ρ2 = 0 χ2(1) = 13.16 Prob > χ2 = 0.0003
ρ1 + ρ3 = 0 χ2(1) = 15.29 Prob > χ2 = 0.0001
ρ1 + ρ4 = 0 χ2(1) = 18.94 Prob > χ2 = 0.0000
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Table 2.12: Robustness tests for the effect of NCMS on health expenditure
Robustness test Multiple non-missing Average income Any unhealthy Size change Evaluating NCMS Non-transient Immediate
observations <county median ≥county median member ≤ 1 as good participators participators
Method FE-2SLS FE-2SLS FE-2SLS FE-2SLS FE-2SLS FE-2SLS FE-2SLS FE
(1) (2) (3) (4) (5) (6) (7) (8)
Household
Household in NCMS -.064 -.051 -.090 -.133 -.084 -.070 -.065 -.038
(.068) (.095) (.097) (.166) (.072) (.073) (.067) (.125)
Household non-farm -.016 .039 -.028 .088 .036 -.011 -.013 -.011
(.076) (.097) (.102) (.147) (.076) (.078) (.073) (.067)
Number of the elderly in household .020 .027 -.011 .090 .102 -.012 .011 .068
(.086) (.106) (.135) (.139) (.094) (.093) (.085) (.107)
Household size -.036 -.017 -.048 -.010 -.191∗∗ .019 -.038 -.060
(.040) (.055) (.052) (.080) (.076) (.042) (.039) (.042)
Household maximal education -.007∗∗∗ -.005 -.008∗∗∗ -.008∗∗∗ -.007∗∗∗ -.007∗∗∗ -.007∗∗∗ -.007∗∗∗
(.002) (.004) (.002) (.002) (.002) (.002) (.002) (.001)
Housing floor area per capita (sq.m.) .003 .006 .001 .006 -.0001 .002 .003 .002
(.002) (.004) (.002) (.006) (.003) (.003) (.002) (.002)
County
Log(GDP per capita (yuan)) .703∗∗∗ .657∗∗∗ .499∗∗ -.147 .535∗∗∗ .380∗∗ .620∗∗∗ .599
(.173) (.237) (.237) (.362) (.173) (.193) (.170) (.395)
Year 2004 .186∗∗∗ .281∗∗∗ .127∗ .346∗∗∗ .189∗∗∗ .219∗∗∗ .198∗∗∗ .240∗∗∗
(.055) (.074) (.072) (.112) (.054) (.059) (.053) (.086)
Year 2005 .280∗∗∗ .283∗∗∗ .307∗∗∗ .548∗∗∗ .288∗∗∗ .337∗∗∗ .308∗∗∗ .347∗∗∗
(.069) (.096) (.094) (.142) (.070) (.077) (.068) (.122)
Year 2006 .256∗∗∗ .265∗∗ .302∗∗ .563∗∗∗ .279∗∗∗ .401∗∗∗ .284∗∗∗ .319
(.096) (.133) (.132) (.197) (.098) (.109) (.094) (.204)
Const. -2.024 -1.965 .045 5.534∗ .129 .635 -1.267 -1.005
(1.523) (2.083) (2.070) (3.163) (1.543) (1.694) (1.498) (3.453)
Obs. 5042 2942 3119 1437 5318 4592 5747 5031
R2 .047 .046 .041 .045 .04 .044 .045 .052
Adjusted R2 .05
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
County in NCMS is used as an instrumental variable for household in NCMS in FE-2SLS model. Standard errors in parentheses are conventional in FE-2SLS model and
clustered at county level in FE model.
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Table 2.13: Evaluation of NCMS in NCMS counties
Freq. Percent Cum.
Evaluation
Good 880 35.50 35.50
Fair 993 40.58 76.22
Bad 75 3.06 79.28
Uncertain 507 20.72 100.00
Reimbursement procedure
Simple 709 28.60 28.60
Complicated 773 31.59 60.56
Uncertain 965 39.44 100.00
Range
Proper 474 19.37 19.37
Narrow 919 37.56 56.93
Uncertain 1,054 43.07 100.00
Total 2,447 100.00
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Table 2.14: Joining the NCMS and the cost for cold
Dep. var. Log(cost for cold)
Method OLS OLS OLS OLS
(1) (2) (3) (4)
Household
Household in NCMS in 2006 -.034
(.110)
Household joined NCMS in 2004 -.005
(.149)
Household joined NCMS in 2005 -.022
(.160)
Household joined NCMS in 2006 .104
(.129)
Household joined NCMS in 2007 .150
(.121)
Any unhealthy family member in 2003 .059 .065 .071 .067
(.063) (.062) (.062) (.061)
Household non-farm .071 .074 .069 .075
(.052) (.051) (.051) (.052)
Number of the elderly in household .023 .021 .020 .020
(.029) (.028) (.028) (.028)
Household size .024 .024 .026 .021
(.016) (.016) (.016) (.016)
Household maximal education -.0004 -.0005 -.0005 -.0005
(.001) (.001) (.001) (.001)
Housing floor area per capita (sq.m.) .001 .001 .001 .001
(.0009) (.0009) (.0009) (.0009)
County
County in NCMS in 2006 -.115
(.124)
County joined NCMS in 2004 -.010
(.143)
County joined NCMS in 2005 .122
(.159)
County joined NCMS in 2006 .194
(.150)
County joined NCMS in 2007 .239∗
(.143)
Log(GDP per capita (yuan)) .145 .153 .137 .155
(.149) (.153) (.147) (.151)
Number of health workers per thousand population .044 .036 .038 .038
(.039) (.039) (.039) (.040)
Const. 1.307 1.142 1.437 1.063
(1.396) (1.425) (1.384) (1.425)
Province dummies Yes Yes Yes Yes
Obs. 2246 2276 2276 2276
R2 .235 .23 .228 .234
Adjusted R2 .225 .219 .217 .223
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at county level.
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Table 2.15: Effect of household in NCMS on delivery behavior
Hospital or not Delivery in a hospital
Days in hospital Total expenditure Out-of-pocket
FE FE FE FE FE FE FE
(1) (2) (3) (4) (5) (6) (7)
Mother
Normal birth -3.515∗∗∗ -3.811∗∗∗ -1.154∗∗∗ -1.235∗∗∗ -1.195∗∗∗ -1.272∗∗∗
(.783) (.778) (.105) (.148) (.125) (.159)
Age -.015 -.138 -.123 -.024 -.030 -.041 -.041
(.022) (.287) (.264) (.037) (.036) (.034) (.035)
Age2 .0003 .001 .001 .0003 .0004 .0005 .0005
(.0003) (.004) (.004) (.0005) (.0005) (.0005) (.0005)
Years of schooling .017 -.123 -.038 -.028 -.028 -.042 -.036
(.024) (.106) (.133) (.030) (.031) (.032) (.032)
Household
Household in NCMS -.039 1.173∗∗ .390∗∗∗ .371∗∗∗
(.059) (.572) (.072) (.075)
NCMS reimbursement -2.449∗∗∗ .133 -.119
(.663) (.207) (.230)
Household maximal education -.006 -.090 -.070 -.017 -.015 -.015 -.012
(.020) (.095) (.083) (.023) (.022) (.025) (.023)
House area per capita .001 .011∗ .012∗∗ .004∗∗ .003 .004∗∗ .004
(.001) (.006) (.005) (.002) (.003) (.002) (.003)
Household non-farm -.0008 -.890 -.667 -.201 -.179 -.238∗∗ -.202∗
(.040) (.647) (.616) (.127) (.127) (.109) (.116)
County
Log(GDP per capita (yuan)) .172 .953 1.119 .265∗ .268∗ .279∗∗ .293∗∗
(.106) (1.206) (1.114) (.150) (.153) (.139) (.139)
Year 2004 -.100 .041 .320 .018 .092 -.002 .079
(.063) (.593) (.519) (.122) (.111) (.123) (.112)
Year 2005 -.088 1.089 1.450∗ -.025 .067 -.072 .028
(.078) (.808) (.829) (.171) (.161) (.174) (.153)
Year 2006 -.135 .720 1.911∗ -.273∗∗ -.050 -.389∗∗∗ -.113
(.090) (.925) (1.100) (.125) (.126) (.129) (.136)
Const. -.583 3.160 .654 6.207∗∗∗ 6.352∗∗∗ 6.501∗∗∗ 6.350∗∗∗
(1.129) (8.552) (7.692) (.889) (.897) (.906) (.917)
Province fixed-effects Yes Yes Yes Yes Yes Yes Yes
Obs. 141 112 112 113 113 113 113
R2 .085 .342 .369 .535 .49 .523 .485
Adjusted R2 .007 .262 .292 .479 .429 .465 .424
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Due to the small sample size, province fixed-effects model is applied instead of county fixed-effects model. Standard
errors in parentheses are clustered at province level. Only women who gave birth in a formal medical institution were




Choice of Doctor Type and Children’s
Height in Rural China∗
3.1 Introduction
Over thousands of years, traditional Chinese medicine (TCM) has developed a unique theoretical
and practical approach for the maintenance of health and the treatment and prevention of disease.
TCM treatments include herbal medicine, acupuncture, moxibustion, massage, food therapy,
and physical exercise (Hesketh and Zhu, 1997; Tang et al., 2008). Using TCM to treat disease
or maintain health is prevalent in China and even in the world.
China is the only country in the world where Western medicine and the TCM work alongside
each other at every level of the health care system (Hesketh and Zhu, 1997). TCM has its own
department at the Ministry of Health and at provincial Bureaus of Health. It also has its specific
medical schools, hospitals, and research institutes. In 2008, the TCM sector provided care for
300 million outpatients and 9.64 million inpatients, accounting for 10%-20% of health care in
China (State Administration of Traditional Chinese Medicine, 2012).
Contraction of TCM in the whole health system is observed. The trends of households
consulting western doctor and traditional Chinese doctor were examined by Lei (2010), based on
CHNS data 1991-2004. It is found that in the formal medical sector, the use of Chinese medicine
has contracted, particularly in cities. Changing population demographic and socioeconomic
characteristics cannot entirely account for the contraction. Rather, shifts in cultural values and
structural changes in the health care system may have led to the observed decline.
∗This research uses data from the China Health and Nutrition Survey (CHNS). We thank the National Institute
of Nutrition and Food Safety, China Center for Disease Control and Prevention; the Carolina Population Center,
University of North Carolina at Chapel Hill; the National Institutes of Health (NIH; R01-HD30880, DK056350, and
R01-HD38700); and the Fogarty International Center, NIH, for financial support for the CHNS data collection and
analysis files since 1989.
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Effectiveness of TCM in treating diseases has been widely discussed (Normile, 2003), e.g.
diabetes (Zhang et al., 2010a), rheumatoid arthritis (Zhang et al., 2012), acute myocardial in-
farction (Liu et al., 2011), chronic hepatitis (Zhan et al., 2011) and HIV/AIDS (Pan et al., 2011;
Wu et al., 2011). TCM is also used in treating paediatrics in China, e.g. hand, foot and mouth
disease (Cao et al., 2012), and drooling problem (Wong et al., 2001). However, the relevance
and effectiveness of TCM have been challenged, which can be attributed to the following three
reasons. First, the fundamentals of TCM remain largely unchanged, and the absence of scientific
understanding causes skepticism and criticism about it (Tang et al., 2008). Second, the method-
ological quality of trials carried out to assess the efficacy of TCM is low (Tang et al., 1999).
Third, poor quality control and adverse effects of TCM also hinder its application (Tang et al.,
2008).
Although the role of TCM in prevention of disease and maintenance of health has been
discussed (Park et al., 2008; Kraft, 2009), the long-term effect of TCM on health has not been
assessed. Few evidence can be found regarding the relationship between the use of TCM and
children’s health.
A few studies have examined the relationship between disease at childhood and growth.
Hildebrand et al. (1994) find that the impact of inflammatory bowel disease on growth is sub-
stantial. In children with Crohn’s disease, puberty was delayed and final height was reduced.
Berkman et al. (2002) find that malnutrition in early childhood, indexed by stunting, and po-
tentially Giardia lamblia, are associated with poor cognitive function at age 9 years. Health
and circumstance in childhood may also set the stage for the chronic disease of an individual in
middle age (Eriksson et al., 2001; Barker et al., 2002; Baker et al., 2007).
In our paper, we study the effect of using Western medicine and TCM on children’s growth.
Children’s height is used as the indicator for growth, and the reasons are listed as follows. First,
height at childhood is found to be strongly predictive of cognitive ability. As early as age 3 and
throughout childhood, taller children perform significantly better on cognitive tests (Case and
Paxson, 2006).
Second, it is documented in literature that height at childhood has a long-lasting effect
throughout one’s life. The correlation between height at age 3 and height in adulthood is ap-
proximately 0.7 for both men and women, so that tall children are much more likely to become
tall adults (Case and Paxson, 2006). As adults, taller individuals are more likely to earn higher
wages (Haddad and Bouis, 1991; Thomas and Strauss, 1997; Case and Paxson, 2006). The ben-
efits from higher height may extend into the retirement years, in the form of better physical and
mental functioning (Case and Paxson, 2008).
If TCM treatments are ineffective or even have negative effect on children’s height, we
should be able to detect a negative correlation between the use of TCM and children’s height.
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The data based on which we do the analysis is extracted from the China Health and Nutrition
Survey (CHNS) 1989-2006. The sample includes children aged 0-18 year-old from rural com-
munities which have been surveyed each wave from 1989 to 2006. Using the CHNS data, we can
control for the bias arising from the correlation between doctor consulting type and unobserved
time-invariant community characteristics via estimating community fixed-effects model. As the
CHNS is augmented with a community survey, rich information on other community level char-
acteristics enables us to control for other time-variant variables that may change simultaneously
with doctor consulting behavior.
Our results show that household consulting Western doctor does not affect either boys’ or
girls’ height. In other words, there is no difference in height between children from households
that normally consult Western doctor and children from households that normally consult Chi-
nese doctor. It suggests that applying TCM does not hamper the growth of children. As the
key variable, household consulting Western doctor suffers from the problem of measurement
error which would bias the estimated effect towards zero, the results need to be interpreted with
caution.
The paper is structured as follows. Section 3.2 discusses the data source, Section 3.3 explains
our identification strategy, Section 3.4 presents the estimation results, some sensitivity analyses
are conducted in Section 3.5, and Section 3.6 concludes.
3.2 Data
We use data extracted from the rural sample of the China Health and Nutrition Survey (CHNS)
to analyze the effect of doctor consulting type on children’s growth. The CHNS covers nine
provinces that vary substantially in geography, economic development, public resources, and
health indicators. Among these nine provinces, Heilongjiang was added in 1993 while Liaoning
was not surveyed in 1997. A multistage random cluster process was used to draw samples from
each province. The survey was commenced in 1989, and six additional panels were collected
in 1991, 1993, 1997, 2000, 2004, and 2006. There are about 4,400 households and 19,000 in-
dividuals in the overall survey. The household sample was augmented by a community survey
whose respondent was a knowledgeable person on community infrastructure, services, popula-
tion, prevailing wages, and related variables. To minimize the impact of changes in the sample
composition on our estimates, we focus on communities that were surveyed every wave. As a
result, all households from Heilongjiang and Liaoning provinces are excluded.
Children’s height is used as the indicator for growth. In CHNS, the height of children under
age 3 is measured by height measurement bed or portable measurement board, while the height
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of children who are 3 and older is measured using height scale.1
0-7 year-old children’s height is standardized on age and gender and is expressed as Z-score,2
where parameters are from 0-7 year-old Chinese children growth charts by month (Ministry of
Health et al., 2009). For children over 7 years old, due to inadequate information in 7-18 year-
old Chinese children growth charts by half year (Li et al., 2010), only the ratio of height and
median height for age can be calculated. Similar to the CHNS, the length of children under
3 is used as the height in Chinese children growth charts. Other growth charts, for example,
the Centers for Disease Control and Prevention (CDC) growth charts for U.S. child published
in 2000 and the World Health Organization (WHO) child growth standards published in 2006,
can be used as standards as well. Comparisons of Chinese growth charts with CDC and WHO
growth charts show that there is big difference in height for age among these charts (Ministry of
Health et al., 2009) and our results are not affected by which growth charts we use. We report
results using Chinese children growth charts of height as the standards in this paper.
We focus on children aged from 3 to 6 in our analysis. The lower bound is set at 3 because
for children under 3 their length is measured instead of height, and it is uncertain whether the
effect of consulting Western doctor on infant’s length is indirect from mother to child during
pregnancy or direct on child after birth. By relaxing the lower bound to 2, however, the regres-
sion results remain unchanged. The upper bound is set at 6 because children reaching 6 years
old can enroll in primary school, which would confound the effect of consulting Western doctor.
The effect of consulting Western doctor on children over 6 years old will also be discussed in
Section 3.5. In our final sample, we have 1991 observations of 1673 children aged 3-6 from 99
rural communities. The issue of multiple observations for some children will also be discussed
in the Section 3.5.
The key variable we are interested in is the dummy variable, household consulting Western
doctor. The variable is constructed from the questions in CHNS household survey. The house-
holds were asked to list the clinics or hospitals their household members would go to if they are
sick or want to see a doctor, dentist, nurse, or other health worker. For each clinic or hospital
listed, the households were asked to specify the type of doctor that they consult or may treat them
at the facility generally. Each wave each household can list at most 6 health facilities. 85.33% of
1Length is actually used instead of height for children under 3. CHNS work manual for wave 1993 by Igoe (1993)
presents standardized methods and detailed requirements for height measurement.
2Height Z-score for each child is constructed using LMS method,
Z − score =
[Height/M(t)]L(t) − 1
S (t)/L(t) ,
where L(t), M(t) and S(t) are parameters for each age. Ratio of height and median height for age can also be used
as an indicator for growth, and similar results can be obtained by using the height ratio. For brevity, we only report
results from Z-score.
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the sample children were from households that had access to not greater than three health facil-
ities. Children from households that reported consulting Western doctor in all listed clinics and
hospitals are considered as consulting Western doctor. Children from households that reported
consulting Chinese doctor, doctor with combined knowledge in Western medicine and TCM, or
other types of doctor3 in any health facility are considered as consulting non-Western doctor.
In our paper, to be precise, the comparison is between Western doctor and non-Western doctor.
Since TCM is undoubtedly the major alternative treatment in rural China, we can interpret the
comparison as between Western doctor and Chinese doctor without trouble.
The key variable, household consulting Western doctor, suffers from two types of measure-
ment error. One is caused by misclassification of doctor type. First, it is common in China that a
Western doctor can prescribe TCM and a Chinese doctor can prescribe Western medicine, since
the integration of TCM and Western medicine has been widely promoted and studied in China
(Keji and Hao, 2003). The training in TCM schools includes Western medicine, and Western-
medicine schools also offer some training in TCM (Tang et al., 2008; Hesketh and Zhu, 1997).
Second, households that reported consulting Western doctor can see Chinese doctor at times and
those that reported consulting Chinese doctor may not always see Chinese doctor. This type
of measurement error in household consulting Western doctor would bias the estimated effect
towards zero.
Another source of measurement error comes from the variation in doctor consulting type
across time for each household. A child is considered as consulting Western doctor from birth if
the household reported on the survey date that the household members generally consult Western
doctor. However, the household preference for doctor type may not be consistent across time.
For a child whose household reported consulting Western doctor in one survey, it is possible that
the household did not start consulting Western doctor until the survey year. On the contrary,
for a child whose household reported consulting Chinese doctor in one survey, it is possible
that the household just converted from Western doctor to Chinese doctor a few months ago.
As a result, children consulting Western doctor might always consult Chinese doctor, while
children consulting Chinese doctor might consult Western doctor most of the time. This source
of measurement error would also attenuate the estimated effect of household consulting Western
doctor.
Nutrition intake in early childhood has long-lasting effects on height at adolescence (Ruel
et al., 1995). Since Western medicine and TCM have distinct opinion on health maintenance
and prevention of disease, diet habit and hence, the nutrition intake can differ by the doctor type
the household normally consults. Omitting nutrition intake from the model of children’s height
would bias the estimated effect of household consulting Western doctor, which would include
3Other types of doctor include village doctor, heath worker, Qi gong practitioner, folk doctor, etc.
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both the direct of doctor type and the indirect effect through nutrition intake. By controlling
for the level of nutrition intake, the estimated coefficient on consulting Western doctor purely
reflects the direct effect.
Information on nutrition intake is collected by the nutrition survey of the CHNS. Interview-
ers pay house visits every day to record how much food the household bought, discarded and
the individual food intake amount (CHNS work manual, 1993). This method is probably the
most accurate nutrition intake method used to date (Strauss and Thomas, 1998). The amount of
average daily protein intake is used as the indicator of nutrition intake as it is found that dairy
protein had the strongest association with height growth of the foods/nutrients studied (Berkey
et al., 2009). As a comparison, we also tried calorie intake as the indicator of nutrition intake.
Our results are not affected, which could be attributed to the high correlation between different
types of nutrition intake.
Table 3.1 reports the sample statistics for boys and girls separately. These statistics show that
the average Z-score is similar for boys and girls, both lower than the median height for age in the
Chinese children growth charts. Girls tended to have more siblings and had less protein intake
than boys. The average height of fathers is 165cm and the average height of mothers is 155cm.
The average years of schooling of the better educated parent was about 9 years, suggesting that
at least one parent completed middle school in most households. For 60% of children, both of
their parents were farmers. Higher percentage of boys consulting Western doctor than girls, but
the difference is not significant. There was no significant difference between boys and girls in
health facility accessibility either. In terms of other community variables, household income per
capita, years of schooling and non-farm employment rate,4 no evidence of gender difference is
detected either.
3.3 Identification strategy
Height Z-score, Z, of child i born in year t living in community c in wave w can be expressed as
Zicw = Xicwβ + φDicw + δt + γw + ηc + ǫicw, (3.1)
where Xicw is a vector of individual and household characteristics observed in wave w, Dicw = 1
if the child is from a household who reported consulting Western doctor in w and 0 otherwise, δt
is a birth year dummy, captures the cohort effects, γw is a wave dummy, captures the impact of
wave specific factors, ηc captures the time-invariant community effects, and ǫicw is the random
4Years of schooling and non-farm employment rate are calculated based on the 25-55-year-olds in a county to
avoid the problem of multicollinearity.
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error term. Clearly, if ηc is correlated with Dicw, the OLS estimate of φ will be biased. We do
not have a prior on the sign of the bias since the correlation between ηc and Dicw can be either
positive or negative.
Among the 99 rural communities, children aged 3-6 from only 2 of them consulted the
same type of doctor from 1989 to 2006. For the rest 97 communities, children from the same
communities may consult different types of doctor in certain waves and may consult the same
type in the rest.
φ is identified from the variation in Zi of children consulting different types of doctor within
a community. Over time, more and more children in the sample consulted Western doctor, from
less than 40% in 1989 to almost 65% in 2006. If consulting Western doctor indeed raises Zi,
then children from households consulting Chinese doctor should have a lower Zi than those from
households consulting Western doctor. Since these children lived in the same communities, we
can remove the community fixed-effects, ηc, in community fixed-effects (FE) model by taking
the difference in Zi between the children from households consulting different types of doctor
in a same community. The difference captures the joint impact of consulting Western doctor, φ,
the cohort effect, δt, and the time effect, γw. By assuming that the cohort effect, δt, and the time
effect, γw are the same for all communities, φ can be identified.
Even though community fixed-effects, ηc, are canceled out in the FE model, the identification
of φ may not work if the change in household doctor consulting behavior is triggered by changes
in community characteristics. It is probable if structural changes in the health care system lead
to the difference in household doctor consulting type across waves (Lei, 2010). For example, a
new clinic or hospital specialized in Western medicine opened nearby during the sample period,
attracting more households consulting Western doctor in later waves. Hence, we control for the
availability of clinic or hospital for a household. Unfortunately, we do not have information
on the availability of doctor type in the clinic or hospital. It is also probable if cultural values
shifted across waves (Lei, 2010), which could be driven by the opening of new schools in the
community. We will report the results from the specifications with the availability of local school
controlled for in the robustness section, as the records on school availability were not available
for wave 1989.
Estimates from community FE model can still be biased if certain community time-variant
variables remain unobserved in the error term. In our sample, children who were 3-6 years
old when surveyed in the same community were from different households. Although house-
hold preference may be consistent over time for a given household, for a community, different
households are likely to possess different preference and hence, they cannot be canceled out in
community FE model. In case household preference determines children’s health and it is corre-
lated with household doctor consulting type, failing to control for it in the regression would bias
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the estimated effect of household consulting Western doctor.
Instrumental variables that are correlated with household doctor consulting type and uncor-
related with children’s height are proposed to obtain an unbiased estimate. Possible candidates
include community percentage of households consulting Western doctor (1989 or all waves),
county percentage of households consulting Western doctor (1989 or all waves), and commu-
nity number of Chinese physicians in 1989.
Community percentage of households consulting Western doctor in 1989, county percentage
of households consulting Western doctor in 1989, and community number of Chinese physicians
in 1989 are correlated with household consulting Western doctor and are unlikely to be corre-
lated with household preference. However, as they only record the values in 1989, they will be
canceled out in community FE model. As a result, they can only be employed as instrumental
variables for household consulting Western doctor in 2SLS model. Since we cannot rule out the
possibility that the instrumental variables and community fixed-effects, ηc, are correlated, the
estimated effect from 2SLS model can still be biased.
Time-variant community percentage of households consulting Western doctor, county per-
centage of households consulting Western doctor, and community number of Chinese physicians
can be used as instrumental variables for household consulting Western doctor in community FE-
2SLS model. As these variables are aggregated at community or county level, they are correlated
with household choice of doctor type. When community fixed-effects, ηc, are canceled out, these
instrumental variables are unlikely to be correlated with children’s height, and the estimate from
FE-2SLS model will be unbiased.
3.4 Results
3.4.1 Results from OLS and FE models
Results from both OLS and community FE model are reported. As the effect of household doc-
tor consulting type could be different by gender, separate regressions are run for boys and girls.
Table 3.2 and 3.3 report results from the OLS and FE models for boys and girls separately.
Column (1) to (3) of the tables report the results when children’s protein intake is not controlled
for, and column (4) to (6) show the results when protein intake is controlled for. County aver-
age male adult height in 1989 can be correlated with household consulting Western doctor. If
the preference of household for doctor type is consistent over time and homogeneous within a
county, controlling for it is similar to applying community FE model. In column (2) and (5), we
report the results from the regressions with county average male adult height in 1989 controlled
for. As the variable is time-invariant, it is canceled out in community FE model.
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For 3-6 year-old boys, the effect of household consulting Western doctor is small and in-
significant in OLS model (column (1)). By controlling for the county average male adult height
in 1989 (column (2)), the OLS estimate of consulting Western doctor is unaffected. In the com-
munity FE model (column (3)), the estimated coefficient of household consulting Western doctor
is even smaller in magnitude and still insignificant. It is likely that the positive correlation be-
tween household consulting Western doctor and community fixed-effects bias the OLS estimate
upwards.
In terms of other variables, having more siblings is found to lower the Z-score, which could
be because the more siblings the fewer household resources available for a boy. 1 cm increase in
father’s height can raise Z-score by 0.5, which is 1 cm higher for a boy of median height at age
3, 96.8 cm meter tall, and 1 cm increase in mother’s height can raise Z-score by 0.4. It indicates
the higher contribution of father’s height on 3-6 year-old boys’ height than mother’s height.
Boys can benefit from better educated parents who would lead a healthier life and can provide
a growth environment of higher quality. However, the effect of better educated parents is only
marginally significant in the OLS model, and it is no longer significant in the FE model. Higher
non-farm employment rate is found to boost boys’ growth, but the effect is slightly smaller and
insignificant in the FE model, which may be due to the large standard error from the FE model.
Parent’s job, housing floor area per capita, availability of health facilities and other time-variant
community variables are not found to have significant effect on height.
Daily protein intake is controlled for in column (4)-(6). As expected, children intaking more
protein are likely to be taller, and the estimated effect is significant. When protein intake is con-
trolled for, the estimate from community FE model becomes smaller, which could be attributed
to the positive correlation between protein intake and community fixed-effects. Children from
the same communities tend to intake similar level of nutrition due to the development of econ-
omy and dietary habit. Hence, the estimated effect of protein intake is under-estimated in the
OLS model. No matter protein intake is controlled for or not, whether household consulting
Western doctor or not does not affect the height of boys.
For 3-6 year-old girls, the effect of consulting Western doctor is also insignificant in both
OLS model and community FE model, although the estimated effect size has a three-fold in-
crease, compared with that from the sample of boys. Number of siblings does not affect girls’
height. It is likely that inadequate household resources are distributed to girls, hence adding
more siblings would affect boys more. Both father’s height and mother’s height have a positive
and significant effect on girls’ height. Unlike for boys, father’s height and mother’s height have
equivalent contribution to girls’ height. It is also found that the more educated the parents, the
taller the girls. Unlike that for boys, the effect magnitude is larger than that from the OLS model
and becomes marginally significant in the FE model. Similar to the effect on boys, parents’ job,
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household housing spacing and health facility options do not affect girls’ height. Average house-
hold income per capita is found to raise height Z-score only in the FE model, which could be
due to the negative correlation between community fixed-effects and average household income
per capita. This negative correlation can be explained by anecdotal evidence that people from
south China where economic development is better is generally lower than those from north
China. The coefficient on non-farm employment rate is negative in OLS and is even smaller
and significant in FE model. It could be attributed to the positive correlation between non-farm
employment rate and community fixed-effects.
As that for boys, daily protein intake has significant effect on girls’ height in OLS model
but the estimate is not significant in community FE model, which could be attributed to the
positive correlation between community fixed-effects and daily protein intake. By controlling
for the daily protein intake, minor changes can be detected. Average household income per
capita becomes insignificant, which indicates the positive correlation between average income
and protein intake. Failing to control for the protein intake level would bias the estimated effect
of average income upwards.
3.4.2 Results from 2SLS and FE-2SLS models
The instrumental variables used for household consulting Western doctor include community
percentage of households consulting Western doctor (1989 or all waves), county percentage of
households consulting Western doctor (1989 or all waves), and community number of Chinese
physicians in 1989. All these instruments have the expected sign and are significant at 1% level
at the first stage. Table 3.4 reports the second stage regression results of both 2SLS and FE-2SLS
models. Since no gender difference can be detected from any model we use, we report results
from pooled regressions for children aged 3-6 with gender controlled for in the regressions.
For the instrumental variables, community percentage of households consulting Western doctor
and county percentage of households consulting Western doctor, estimates from community FE-
2SLS model are also reported.
At the second stage, the estimated coefficient of consulting Western doctor is never signif-
icant in either 2SLS or FE-2SLS models, with standard errors being much higher than those
from OLS or FE model. It suggests that household consulting Western doctor does not affect
children’s height. In no specifications, any gender difference can be detected. In all specifi-
cations, better nutrition intake is found to promote height growth and the effect is significant.
Consistent with the results from OLS and FE models, children of taller parents are likely to be
taller. More schooling of the better educated parent is found to significantly raise children’s
height. Although the effect of county non-farm employment rate on height Z-score is positive
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and marginally significant in 2SLS model, it becomes negative and insignificant when commu-
nity fixed-effects are controlled for, indicating the positive correlation between county non-farm
employment rate and community fixed-effects.
Hence, in 2SLS and FE-2SLS models, no effect of consulting Western doctor on children’s
height was detected as in the OLS and FE models, and the standard errors of the estimated effect
are greater in these two models. To shed light on the effect of consulting Western doctor in
robustness tests, in Section 3.5, only results from FE model are reported.
3.5 Sensitivity analysis
3.5.1 School availability
Changes in school availability can trigger changes in household consulting behavior. If having
a local school increases the probability of consulting Western doctor, the estimated effect of
consulting Western doctor would be over-estimated if school availability is omitted from the
model.
However, school availability has only been recorded since 1991. To include school availabil-
ity in the model, children who were 3-6 years old in 1989 have to be excluded from our sample,
leading to a smaller sample size. Results from FE model with school availability controlled for
are reported in Table 3.5. It is found that controlling for school availability does not affect the es-
timate of household consulting Western doctor. Similar to the main results, consulting Western
doctor does not affect 3-6 year-old boys’ or girls’ height.
3.5.2 Duplicate observations dropped
In our sample, one child can have more than one observation. For example, a child who was 3
years old in 1991 would be 5 years old in 1993, and the records of this child in both survey years
were included in our sample. 318 of the children in our sample have two observations. But for
children from certain waves, one child can have at most one observation in our sample. For ex-
ample, children who were 3-6 years old in 2000 would have reached 6 years old by 2004, hence,
they can have only one observation in our sample. 1355 of the children have one observation
in our sample. Since having two observations of one child includes more information than one
observation of one child and these observations can only be from 1989-1993 and 2004-2006,
our estimated effect of consulting Western doctor would be biased.
To check whether our estimate is biased, we drop the earlier observation of children with two
observations from our sample. Table 3.6 reports the results from FE model. Consulting Western
doctor does not affect boys’ height or girls’ height, no matter protein intake is controlled for
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or not. Similar results can be obtained by dropping the second observation of children with
two observations. Hence, we can conclude that including children with multiple observations is
unlikely to bias our estimate.
3.5.3 School age children
Our analysis so far focuses on children who were 3-6 years old in the survey year. The reason
for setting the upper bound at 6 is that children aged 6 can enroll in primary school. The effect
of consulting Western doctor can be weakened by the school education, as school education
can also convey the knowledge on health care, which could complement the household health
consulting behavior.
As a robustness check, we examine the effect of consulting Western doctor using the sample
of children who were 6-9 year-old in the survey year, with the same age gap as 3-6 year-old. As
the height Z-score for children older than 7 cannot be calculated because of missing parameters
in the 7-18 year-old Chinese children growth charts by half year (Li et al., 2010), we run regres-
sions using the ratio of height and median height for age as the dependent variable instead. The
results from FE model are reported in Table 3.7. The effect of household consulting Western
doctor is found to be negative and insignificant for both boys and girls. Hence, it is found that
consulting Western doctor does not have any effect on school age children either.
3.5.4 Weight
We discussed in Section 3.2 that the key variable, household consulting Western doctor, suffers
from two types of measurement error. One type is that the reported doctor type in a wave merely
indicates the usual household choice at that time. However, households who reported consulting
Western doctor can see Chinese doctor at times and those who reported consulting Chinese
doctor may not always see Chinese doctor. The reported doctor type in one wave hence may
not reflect the long-term persistent household choice and the estimated effect on height would
be downward biased. While height is considered as an indicator of health stock which could be
determined by the long-term household choice, weight is more sensitive to the present choice of
doctor type. Thus, we run regressions using children’s weight Z-score as the dependent variable.
Table 3.8 reports the results from FE model. The effect of household consulting Western
doctor on boys’ weight Z-score is insignificant, no matter nutrition intake is controlled for or not.
The estimated effect on girls is positive and significant when nutrition intake is not controlled for.
Household consulting Western doctor is found to raise girls’ weight Z-score by 0.205. However,
the effect is likely to be driven by nutrition intake. When nutrition intake is controlled for, the
effect magnitude drops to 0.140 and is only marginally significant at 10%. Thus, no effect of
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household consulting Western doctor on children’s weight can be detected either.
3.6 Conclusion
In this paper, we examine the effect of consulting Western doctor on children’s health in rural
China. Height Z-score is calculated and used as the health indicator. We focus on children
aged 3-6 to exclude the potential impact of prenatal factors or formal education. By applying
community FE, 2SLS and FE-2SLS models to deal with the endogeneity problem with the key
variable of interest, household consulting Western doctor, we find that household consulting
Western doctor does not affect 3-6 year-old boys’ or girls’ height. It suggests that the application
of TCM does not hamper the growth of children and the TCM is likely to be as effective as
Western medicine in maintaining children’s health.
Robustness tests are conducted by excluding the potential effect of change in school avail-
ability, excluding one observation for children who were surveyed twice between 3 and 6 years
old, focusing on school age children aged 6-9 years old, examining the effect on children’s
weight. In no cases, the effect of consulting Western doctor is positive and significant.
Although no effect of household consulting Western doctor on children’s height can be de-
tected, it should be noted that failing to capture any effect does not necessarily imply that consult-
ing Western doctor does not affect children’s height. This is because the key variable, household
consulting Western doctor, suffers from two types of measurement error which would attenuate
the effect. One is due to misclassification of doctor types and the other is due to failing to capture
the variation in doctor type a household consults across time. Both types of measurement error
can bias the estimated effect towards zero.
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Table 3.1: Summary statistics
Boys Girls
Mean/sd N Mean/sd N
Child
Height Z-score -1.914 1083 -2.015 908
(1.462) (1.391)
Number of siblings 1.717 1083 1.89 907
(1.273) (1.385)
Daily protein intake (g) 39.98 1022 38.185 838
(18.765) (17.853)
Household
Father’s height 164.922 1027 164.905 868
(5.69) (6.154)
Mother’s height 154.804 1033 154.299 867
(6.044) (5.73)
Schooling of the better educated parent 9.092 1058 9.107 891
(2.453) (2.579)
Both parents farmer .629 1083 .594 908
(.483) (.491)
Household income per capita 2344.302 1074 2610.627 904
(2233.192) (3172.275)
Housing floor area per capita (sq.m.) 18.682 1026 19.094 867
(11.19) (12.771)
Consulting Western doctor .538 1076 .502 906
(.499) (.5)
Clinic as an option .66 1083 .673 908
(.474) (.469)
Hospital as an option .798 1083 .791 908
(.402) (.407)
Community
Average household income per capita 2727.944 1083 2811.321 908
(1762.846) (1931.324)
Years of schooling 6.826 1083 6.784 908
(1.357) (1.438)
Non-farm employment rate .324 1083 .33 908
(.177) (.177)




Table 3.2: Effect of doctor type on 3-6 year-old boys’ height
Dep. var.: Height Z-score
OLS OLS FE OLS OLS FE
(1) (2) (3) (4) (5) (6)
Child
Number of siblings -.078∗ -.077∗ -.098∗∗ -.087∗ -.087∗ -.104∗∗
(.046) (.046) (.046) (.047) (.047) (.048)
Daily protein intake (g) .245∗∗ .245∗∗ .198∗
(.104) (.104) (.103)
Household
Father’s height .050∗∗∗ .051∗∗∗ .049∗∗∗ .051∗∗∗ .051∗∗∗ .049∗∗∗
(.008) (.008) (.009) (.008) (.008) (.009)
Mother’s height .035∗∗∗ .036∗∗∗ .041∗∗∗ .031∗∗∗ .031∗∗ .036∗∗∗
(.012) (.012) (.013) (.012) (.012) (.013)
Schooling of the better educated parent .037∗ .037∗ .035 .044∗ .044∗ .040
(.022) (.022) (.023) (.023) (.023) (.024)
Both parents farmer -.032 -.033 -.089 .022 .022 -.029
(.110) (.110) (.119) (.114) (.114) (.119)
Housing floor area per capita (sq.m.) .0001 .0002 -.002 .001 .001 .0002
(.005) (.005) (.005) (.006) (.006) (.005)
Consulting Western doctor .051 .050 .031 .055 .055 .010
(.091) (.092) (.092) (.094) (.094) (.095)
Clinic as an option -.087 -.086 -.170 -.093 -.093 -.204
(.104) (.103) (.123) (.109) (.108) (.126)
Hospital as an option .043 .042 .018 .052 .052 .017
(.108) (.108) (.098) (.112) (.112) (.104)
Community
Average household income per capita .023 .026 .232 .033 .033 .248
(.138) (.136) (.191) (.140) (.140) (.217)
Years of schooling -.060 -.051 .027 -.055 -.056 .034
(.089) (.094) (.220) (.092) (.099) (.227)
Non-farm employment rate 1.529∗∗ 1.478∗∗ 1.388 1.508∗∗ 1.510∗∗ 1.323
(.683) (.719) (1.291) (.686) (.734) (1.337)
Average male adult height in 1989 -.018 .0005
(.051) (.054)
Const. -16.742∗∗∗ -13.983∗ -19.564∗∗∗ -17.475∗∗∗ -17.551∗∗ -19.958∗∗∗
(2.105) (8.225) (2.970) (1.982) (8.518) (3.082)
Wave dummies and birth year dummies Yes Yes Yes Yes Yes Yes
Province dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes
Obs. 956 956 956 903 903 903
y -1.956 -1.956 -1.956 -1.959 -1.959 -1.959
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level in OLS and FE models.
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Table 3.3: Effect of doctor type on 3-6 year-old girls’ height
Dep. var.: Height Z-score
OLS OLS FE OLS OLS FE
(1) (2) (3) (4) (5) (6)
Child
Number of siblings .016 .017 .035 .010 .011 .041
(.044) (.044) (.044) (.044) (.044) (.046)
Daily protein intake (g) .266∗∗ .280∗∗ .218
(.133) (.132) (.135)
Household
Father’s height .035∗∗∗ .037∗∗∗ .047∗∗∗ .039∗∗∗ .040∗∗∗ .045∗∗∗
(.007) (.008) (.008) (.007) (.008) (.009)
Mother’s height .048∗∗∗ .050∗∗∗ .046∗∗∗ .048∗∗∗ .050∗∗∗ .046∗∗∗
(.009) (.010) (.011) (.009) (.009) (.011)
Schooling of the better educated parent .035 .035 .037∗ .034 .035 .040∗
(.022) (.022) (.021) (.021) (.021) (.021)
Both parents farmer -.070 -.061 -.070 -.055 -.042 -.061
(.120) (.124) (.128) (.118) (.121) (.131)
Housing floor area per capita (sq.m.) .007 .007∗ .005 .008∗ .008∗ .006
(.004) (.004) (.005) (.004) (.004) (.005)
Consulting Western doctor .146 .140 .124 .103 .092 .108
(.116) (.114) (.100) (.110) (.107) (.101)
Clinic as an option .033 .024 .009 -.023 -.036 -.032
(.121) (.123) (.132) (.124) (.126) (.137)
Hospital as an option .096 .096 .149 .070 .070 .128
(.105) (.105) (.112) (.109) (.109) (.118)
Community
Average household income per capita .178 .183 .333∗∗ .120 .129 .259
(.144) (.145) (.166) (.145) (.143) (.169)
Years of schooling .094 .116 .268 .105 .137 .289
(.081) (.097) (.266) (.083) (.100) (.281)
Non-farm employment rate -.298 -.382 -2.815∗∗∗ -.218 -.359 -3.055∗∗∗
(.516) (.589) (1.056) (.502) (.583) (1.049)
Average male adult height in 1989 -.030 -.042
(.048) (.045)
Const. -17.888∗∗∗ -13.405∗ -20.670∗∗∗ -18.925∗∗∗ -12.777∗ -20.820∗∗∗
(2.106) (7.132) (2.736) (2.023) (6.643) (2.742)
Wave dummies and birth year dummies Yes Yes Yes Yes Yes Yes
Province dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes
Obs. 808 808 808 745 745 745
y -2.033 -2.033 -2.033 -2.037 -2.037 -2.037
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level in OLS and FE models.
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Table 3.4: Effect of doctor type on 3-6 year-old children’s height, instrumental variable
Dep. var. Height Z-score
Instrumental variable Community % County % Community % County % Community
consulting West consulting West consulting West consulting West number of Chn
in 1989 in 1989 in 1989
Method 2SLS FE-2SLS 2SLS FE-2SLS 2SLS 2SLS 2SLS
(1) (2) (3) (4) (5) (6) (7)
Child
Male -.027 -.006 -.026 -.004 -.032 -.031 .008
(.072) (.063) (.073) (.063) (.074) (.074) (.068)
Number of siblings -.039 -.023 -.039 -.024 -.043 -.038 -.020
(.037) (.028) (.037) (.028) (.038) (.036) (.036)
Daily protein intake (g) .269∗∗∗ .223∗∗∗ .269∗∗∗ .222∗∗∗ .284∗∗∗ .269∗∗∗ .255∗∗∗
(.085) (.082) (.085) (.082) (.081) (.087) (.090)
Household
Father’s height .045∗∗∗ .048∗∗∗ .045∗∗∗ .049∗∗∗ .045∗∗∗ .044∗∗∗ .046∗∗∗
(.006) (.006) (.006) (.006) (.006) (.006) (.006)
Mother’s height .039∗∗∗ .039∗∗∗ .038∗∗∗ .039∗∗∗ .038∗∗∗ .039∗∗∗ .039∗∗∗
(.007) (.006) (.007) (.006) (.008) (.007) (.007)
Schooling of the better educated parent .038∗∗ .039∗∗∗ .039∗∗ .040∗∗∗ .043∗∗∗ .037∗∗ .040∗∗
(.016) (.014) (.016) (.014) (.015) (.017) (.016)
Both parents farmer -.022 -.044 -.017 -.038 -.007 -.039 -.036
(.078) (.081) (.079) (.081) (.098) (.114) (.087)
Housing floor area per capita (sq.m.) .004 .004 .004 .004 .002 .004 .002
(.003) (.003) (.003) (.003) (.003) (.003) (.003)
Consulting Western doctor .101 .078 .015 -.019 -.373 .372 .498
(.167) (.149) (.228) (.191) (.760) (1.195) (.465)
Clinic as an option -.027 -.098 -.057 -.134 -.160 .068 .149
(.086) (.099) (.092) (.109) (.274) (.414) (.197)
Hospital as an option .060 .021 .052 .010 .019 .086 .104
(.080) (.091) (.080) (.092) (.113) (.117) (.103)
Community
Average household income per capita .053 .190 .054 .195 .081 .049 -.0005
(.118) (.120) (.118) (.120) (.116) (.113) (.104)
Years of schooling .016 .048 .019 .055 .030 .009 -.014
(.062) (.124) (.063) (.124) (.057) (.066) (.061)
Non-farm employment rate .785∗ -.248 .802∗ -.190 .871∗ .732 .964∗∗
(.438) (.591) (.438) (.596) (.521) (.555) (.401)
Const. -17.189∗∗∗ -18.757∗∗∗ -17.154∗∗∗ -18.787∗∗∗ -17.193∗∗∗ -17.302∗∗∗ -17.183∗∗∗
(1.384) (1.888) (1.383) (1.890) (1.453) (1.464) (1.495)
Wave dummies and birth year dummies Yes Yes Yes Yes Yes Yes Yes
Community fixed-effects Yes Yes
Obs. 1648 1648 1648 1648 1634 1648 1522
y -1.994 -1.994 -1.994 -1.994 -1.986 -1.994 -2.017
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level in 2SLS model and conventional in FE-2SLS model.
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Table 3.5: Effect of doctor type on 3-6 year-old children’s height with school availability con-
trolled for
Dep. var.: Height Z-score
Boys Girls
FE FE FE FE
(1) (2) (3) (4)
Child
Number of siblings -.083∗∗ -.088∗∗ .030 .043
(.042) (.043) (.045) (.047)
Daily protein intake (g) .273∗∗ .269∗
(.125) (.160)
Household
Father’s height .050∗∗∗ .049∗∗∗ .051∗∗∗ .051∗∗∗
(.009) (.009) (.010) (.010)
Mother’s height .042∗∗∗ .038∗∗∗ .044∗∗∗ .045∗∗∗
(.010) (.010) (.012) (.012)
Schooling of the better educated parent .031 .034 .024 .031
(.022) (.023) (.024) (.025)
Both parents farmer -.024 .009 -.084 -.038
(.122) (.125) (.137) (.141)
Housing floor area per capita (sq.m.) -.0007 .0004 .002 .002
(.005) (.005) (.005) (.005)
Consulting Western doctor .040 .076 .087 .079
(.105) (.107) (.119) (.123)
Clinic as an option -.176 -.157 -.007 -.049
(.130) (.133) (.158) (.164)
Hospital as an option -.079 -.091 .147 .128
(.132) (.136) (.149) (.154)
Community
Primary school in community .022 .049 -.474∗∗ -.494∗∗
(.178) (.183) (.214) (.229)
Average household income per capita .275 .317 .420∗∗ .349∗
(.188) (.194) (.192) (.201)
Years of schooling .057 .083 .346 .356
(.192) (.198) (.222) (.229)
Non-farm employment rate 1.635∗ 1.216 -3.131∗∗∗ -3.245∗∗∗
(.886) (.913) (.983) (1.055)
Const. -19.792∗∗∗ -19.620∗∗∗ -22.826∗∗∗ -23.636∗∗∗
(2.666) (3.060) (3.412) (3.621)
Wave dummies and birth year dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes Yes Yes
Obs. 786 758 637 599
y -1.869 -1.874 -1.957 -1.962
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level.
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Table 3.6: Effect of doctor type on 3-6 year-old children’s height, duplicate observation dropped
Dep. var.: Height Z-score
Boys Girls
FE FE FE FE
(1) (2) (3) (4)
Child
Number of siblings -.116∗∗ -.118∗∗ .033 .036
(.046) (.047) (.044) (.048)
Daily protein intake (g) .295∗∗ .165
(.123) (.142)
Household
Father’s height .046∗∗∗ .046∗∗∗ .045∗∗∗ .046∗∗∗
(.009) (.010) (.008) (.009)
Mother’s height .042∗∗∗ .038∗∗∗ .047∗∗∗ .046∗∗∗
(.013) (.013) (.011) (.011)
Schooling of the better educated parent .029 .038 .035∗ .035∗
(.024) (.024) (.021) (.019)
Both parents farmer -.100 -.012 -.057 -.060
(.134) (.135) (.126) (.129)
Housing floor area per capita (sq.m.) -.003 -.002 .004 .005
(.005) (.006) (.005) (.005)
Consulting Western doctor .080 .064 .140 .140
(.097) (.101) (.119) (.119)
Clinic as an option -.133 -.169 .140 .065
(.149) (.154) (.141) (.154)
Hospital as an option .021 .013 .277∗ .249∗
(.105) (.111) (.142) (.149)
Community
Average household income per capita .281 .287 .274 .221
(.215) (.245) (.194) (.194)
Years of schooling -.049 -.007 .253 .299
(.235) (.238) (.257) (.263)
Non-farm employment rate 1.240 1.171 -2.332∗∗ -2.861∗∗∗
(1.351) (1.410) (1.102) (1.099)
Const. -19.088∗∗∗ -20.017∗∗∗ -20.377∗∗∗ -20.746∗∗∗
(3.057) (3.188) (2.848) (2.908)
Wave dummies and birth year dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes Yes Yes
Obs. 803 761 670 621
y -1.948 -1.958 -2.045 -2.047
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level.
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Table 3.7: Effect of doctor type on 6-9 year-old children’s height
Dep. var.: Height/median height for age
Boys Girls
FE FE FE FE
(1) (2) (3) (4)
Child
Number of siblings -.002 -.002 .0003 .0008
(.002) (.002) (.002) (.002)
Daily protein intake (g) .012∗∗∗ .013∗
(.005) (.007)
Household
Father’s height .002∗∗∗ .002∗∗∗ .001∗∗ .001∗∗
(.0003) (.0003) (.0005) (.0005)
Mother’s height .002∗∗∗ .002∗∗∗ .002∗∗∗ .002∗∗∗
(.0003) (.0003) (.0004) (.0004)
Schooling of the better educated parent 7.83e-06 -.00002 .002∗ .001
(.0008) (.0008) (.0009) (.0009)
Both parents farmer -.002 -.0005 -.003 -.003
(.004) (.004) (.004) (.004)
Housing floor area per capita (sq.m.) -.0001 -.0001 .0002 .0001
(.0001) (.0001) (.0002) (.0002)
Consulting Western doctor -.004 -.004 -.007 -.007
(.004) (.004) (.004) (.004)
Clinic as an option -.007 -.007∗ -.002 -.0006
(.004) (.004) (.006) (.006)
Hospital as an option .003 .0007 -.002 -.003
(.005) (.005) (.006) (.006)
Community
Average household income per capita -.003 -.003 .014∗ .014∗
(.008) (.008) (.008) (.008)
Years of schooling -.011 -.007 -.003 -.0003
(.007) (.007) (.010) (.010)
Non-farm employment rate .074∗∗∗ .073∗∗ .030 .012
(.028) (.030) (.029) (.029)
Const. .450∗∗∗ .441∗∗∗ .332∗∗ .277∗
(.084) (.100) (.154) (.163)
Wave dummies and birth year dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes Yes Yes
Obs. 935 899 798 767
y .933 .933 .932 .932
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level.
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Table 3.8: Effect of doctor type on 3-6 year-old children’s weight
Dep. var.: Weight Z-score
Boys Girls
FE FE FE FE
(1) (2) (3) (4)
Child
Number of siblings .003 .013 -.004 .021
(.032) (.035) (.047) (.048)
Daily protein intake (g) .190∗ .486∗∗∗
(.101) (.121)
Household
Father’s height .029∗∗∗ .030∗∗∗ .024∗∗∗ .019∗∗∗
(.008) (.008) (.007) (.007)
Mother’s height .034∗∗∗ .031∗∗∗ .036∗∗∗ .035∗∗∗
(.009) (.009) (.011) (.010)
Schooling of the better educated parent -.005 -.0002 .020 .025
(.020) (.021) (.021) (.022)
Both parents farmer -.132 -.103 -.003 .049
(.083) (.084) (.105) (.104)
Housing floor area per capita (sq.m.) -.0002 -2.32e-06 .005 .004
(.004) (.004) (.003) (.004)
Consulting Western doctor .108 .111 .205∗∗ .140∗
(.067) (.071) (.088) (.085)
Clinic as an option -.030 -.016 -.058 -.152
(.096) (.101) (.121) (.134)
Hospital as an option -.004 -.001 .090 .077
(.103) (.103) (.107) (.109)
Community
Average household income per capita -.050 -.070 .096 .065
(.141) (.149) (.144) (.158)
Years of schooling .311∗ .271 .390∗∗ .319∗
(.183) (.182) (.154) (.167)
Non-farm employment rate .107 -.077 .182 .032
(.796) (.844) (.611) (.582)
Const. -13.401∗∗∗ -13.351∗∗∗ -15.411∗∗∗ -14.595∗∗∗
(2.174) (2.153) (2.580) (2.252)
Wave dummies and birth year dummies Yes Yes Yes Yes
Community fixed-effects Yes Yes Yes Yes
Obs. 953 899 811 746
y -1.145 -1.136 -1.226 -1.233
Note: * means significant at 10%, ** significant at 5%, and *** significant at 1%.
Standard errors in parentheses are clustered at community level.
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